Genetic aspects of the Danish system of progeny-testing swine by Lush, Jay L.
Volume 18
Number 204 Genetic aspects of the Danish system of
progeny-testing swine
Article 1
August 1936
Genetic aspects of the Danish system of progeny-
testing swine
Jay L. Lush
Iowa State College
Follow this and additional works at: http://lib.dr.iastate.edu/researchbulletin
Part of the Agriculture Commons, and the Other Animal Sciences Commons
This Article is brought to you for free and open access by the Iowa Agricultural and Home Economics Experiment Station Publications at Iowa State
University Digital Repository. It has been accepted for inclusion in Research Bulletin (Iowa Agriculture and Home Economics Experiment Station) by
an authorized editor of Iowa State University Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Lush, Jay L. (1936) "Genetic aspects of the Danish system of progeny-testing swine," Research Bulletin (Iowa Agriculture and Home
Economics Experiment Station): Vol. 18 : No. 204 , Article 1.
Available at: http://lib.dr.iastate.edu/researchbulletin/vol18/iss204/1
August. Ins Research Bulletin No. 204 
Genetic Aspects of the Danish System 
of Progeny-Testing Swine 
By JAY L. LUSH 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHANIC ARTS 
R. E. BUCHANAN, DIRECTOR 
ANIMAL BREEDING SUBSECTION 
ANIMAL HUSBANDRY SECTION 
AMES. IOWA 

CONTENTS 
Summary ........................................................................................ 108 
Introduction .................................... .............................................. 109 
History of the swine breeding and testing system ................ 112 
Markets for Danish swine .................................................. 112 
Breeds used and breeding policies .................................... 114 
Breeding centers and their supervision ............................ 116 
Progeny testing stations ............................ : ......................... 119 
Publication and use of data from the testing stations .. 120 
Procedure of testing .............................................................. 124 
Feeding plan ...................................... .................................... 127 
Changes which have occurred in the swine population, 1907 
to 1935 .................................................................................... 130 
Number and representativeness of materiaL ................. 130 
Trends in health ......................... ........................................... 132 
Age and weight at slaughter .............................................. 133 
Trends in daily gain .............................................................. 134 
Trends in economy of gain ................................ .................. 136 
Changes in body length ................................. ....................... 139 
Changes in thickness of back fat and in thickness of 
belly ................................................................................ 142 
Changes in dressing percent and in yield of export 
bacon .............................................................................. 143 
Changes in average classification of bacon sides ............ 145 
Changes in scores for various characteristics .................. 146 
Visible changes in the conformation of the swine ........ 151 
Summary of changes in average characteristics of 
the swine population .................................................. .. 156 
Resemblances and differences between litter mates .............. 157 
Resemblances between paternal half brothers and sisters .. 168 
Correlation between maternal half-sib litters ........................ 172 
Correlation between full brothers and sisters which were 
not litter mates .................... : ................................................. 176 
Correlation between progeny test of sire and progeny test 
of son ................................................... ................................... 178 
Summary of evidence on heritability ........................................ 182 
Numerical evidence as to the selection practiced .................. 184 
Correlation between six characteristics of the same litter .. 188 
General discussion ............................... ......................................... 192 
References ..... ............................................................................... 195 
SUMMARY 
1. The history of the Danish system of progeny testing 
swine is traced briefly. 
2. Changes in the average characteristics of the Danish 
swine since this system began in 1907 are shown in graphs. 
3. The variance of six of these characteristics is analyzed, 
largely by means of correlations between litter mates, be-
tween half-sibs and between progeny tests of sire and of 
son, to find the extent to which individual variance in each 
characteristic can be attributed to the additive effects of 
genes. 
4. A little less than half the individual variance in body 
length, thickness of back fat and thickness of belly can be 
thus ascribed to additive gene effects. Differences in rate 
of gain, yield of export bacon and in economy of gain are 
less highly hereditary, yet there seems to be in them enough 
additive gene variance to permit selection still to make dis-
tinct changes in the population for at least a few more 
generations. (Summary in table 11.) 
5. Although the actual basis of the selections which the 
Danish farmers practice is not completely demonstrated, the 
figures from these progeny tests must have . played a con-
siderable part. 
6. The Danish plan of progeny testing has been developed 
in such close connection with the economic peculiarities of 
Danish cooperative organizations that its operating prin-
ciples might need much revision before it could be used in 
other countries. The biological principles involved, however, 
are the same everywhere and any people wishing seriously 
to improve the real economic productivity of their livestock, 
especially in characteristics which cannot be seen or meas-
ured until the animals are slaughtered, will find useful sug-
gestions in this Danish model. 
Genetic Aspects of the Danish System 
of Progeny .. Testing Swine! 
By JAY L. LUSH 
Denmark has an international reputation for the practical 
emphasis in its animal breeding customs. Not only is it the 
land which originated the cow testing association and which 
ever since has had the highest percentage of its cow popula-
tion under such tests, but it is also the land which devised 
the first successful plan for getting a reasonably complete 
measure of the practical usefulness of the offspring from 
individual breeding swine. This system of progeny-testing 
swine, which was devised in Denmark about the beginning 
of this century, has spread (with some modifications) to 
several other countries of northern and central Europe since 
1920. It has also been introduced into Great Britain and the 
United States' on an experimental scale. 
The present system of swine testing in Denmark began 
in 1907 (although this system itself was planned from ex-
perience previously gained in some 10 years of scattered and 
preliminary testing and experimenting with methods) and 
since then has operated continuously, except for 3 years 
during the war when shortage of feed forced the suspension 
of-all testing. There have been only slight modifications in 
procedure or in methods of reporting. The data published 
in the annual reports from these testing stations constitute 
what is probably the most nearly complete and objective 
account anywhere . in the world of what has happened to a 
breed or species of farm animals when man has sought for 
many animal generations to change it so that it would suit 
his ideals better. For that reason these data contain much 
of interest to students of general genetics, as well as to 
people interested primarily in the breeding of swine. 
These Danish swine progeny-testing stations were not 
planned as scientific experiment stations intended to discover 
general principles. Instead they were intended to assist the 
breeders in finding the boars and sows which produced the 
most valuable offspring, not in one respect alone but in all 
characteristics which the breeder or his customers might 
'Projects Nos . 402 and 361 of the Iowa Agricultural Experiment Station. 
' Largely on the initiative of Dean H. H. Kiidee of the Iowa State College and 
Prof. E. F. Ferrin of the University of Minnesota. 
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consider important. The data therefore lack the control lots 
and the simplicity which would characterize a scientific lab-
oratory experiment intended to test some genetic principle 
concerning the effectiveness of selection. However, because 
of the multiplicity of the characteristics measured, many of 
which were correlated with each other, and because of the 
changing emphasis upon this or that characteristic in the 
selections, this case probably corresponds more closely than 
do most laboratory experiments to the evolutionary changes 
which go on in nature, where fitness to survive depends upon · 
a complex of many characteristics, some independent and 
some closely interrelated, varying among each other in their 
importance at anyone time, and each characteristic varying 
in importance from time to time and from situation to situa-
tion. This very complexity of the present case and its simi-
larity to problems of evolution give it a scientific interest 
which is not entirely cancelled by the slight changes in pro-
cedure, nor by the marked changes in the emphasis placed on 
different points in selection, nor by the absence of control lots 
which often makes it impossible to be certain whether a giv-
en sequence of procedure and subsequent event was a cause 
and effect relationship or only a coincidence. 
Another unusual feature of these data, interesting from 
the genetic point of view, is that they consist entirely of 
progeny tests. The sows and boars which were to be used 
for breeding purpues could not themselves be fattened and 
killed. Hence data on their own ability to produce desirable 
meat economically could not be obtained. Their ability in 
that respect could be estimated only from the performance 
of their own offspring or from the performance of collateral 
relatives, themselves without offspring. This is shown 
graphically in fig. l. 
Doubtless the selections which the breeders actually made 
were also based partly on the external appearance of the 
breeding animals themselves. Some of the men in close 
touch with swine breeding assert that breeders generally 
paid little attention to the testing station figures until the 
last decade and that pre-war selections were based mostly 
on external appearance and on the sow's ability to farrow 
and wean large litters. (Cf. Jespersen, 1935, page 2.) In 
the case of some characteristics (for example, length of 
body) external appearance of the parent probably is corre-
lated closely enough with the trait actually measured in the 
offspring that such selections would have considerable effect. 
However, some characteristics (for example, thickness of 
belly flesh or economy of gain) are doubtless so poorly cor-
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Fig. 1. Diagram showing the absence of data on ancestors' own performance. 
Double lines indicate the lines of descent from the ancestors to the prospective herd 
sire or brood sow. Single lines from the ancestors to the letters (A J, B, C2, etc.) 
indicate lines of descent to the test litters. The test animals themselves cannot be 
used for breeding since they must be slaughtered at market weight to determine the 
characterIstics of their meat. A" A. -A D are the various test litters by the sire 
and A is the average of all the feeding and slaughter data from these. B is the 
information on a similar test litter from the dam. C, D, E and F are similar 
information on progeny of grandparents. Test litters may be either full sibs or half 
sibs to the breeding animals of their own generation. Not all females have tested 
progeny. 
related with external appearance that selection based on the 
external appearance of the breeding animals themselves 
would have little or no effect in changing these traits in the 
population. 
Thus, while the data available for study consist entirely 
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population. 
Thus, while the data available for study consist entirely 
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of the performance of progeny or of collateral relatives, yet 
the selections actually practiced were based in part on un-
recorded differences in the individual appearance of the 
breeding animals themselves. This doubtless affected some 
characteristics more than it did others. 
A fellowship from the Division of Biology and Agricul-
ture of the National Research Council made it possible for 
the writer to spend the last half of 1934 in Denmark study-
ing the genetic aspects of this testing system and these 
records at first hand'. A part of the computations could not 
be made in the time available in Denmark, but the necessary 
data were brought home and the computations finished as a 
part of the regular work of the Animal Breeding Subsection 
of the Iowa Agricultural Experiment Station. The present 
bulletin contains the findings which seem of most interest. 
HISTORY OF THE SWINE BREEDING AND TESTING 
SYSTEM' 
An account of present Danish swine testing and breeding 
practices would scarcely be understandable without some 
reference to the history of swine production and swine mar-
kets in Denmark during the last three-quarters of a century. 
The official breeding and testing plans have always been 
operated with close attention to contemporary economic 
needs of the swine producers. 
MARKETS FOR DANISH SWINE 
From the middle of the last century until near 1895 swine-
growing was an important industry in Denmark but the sur-
plus swine not needed for Danish consumption were mostly 
exported alive to Germany. The first bacon factory planned 
especially to prepare bacon for direct export to the English 
market was built in 1879. The German market demanded a 
large and fat pig, the preferred weights being around 275 to 
330 pounds. Germany prohibited the importation of living 
swine from Denmark for a short time in 1887 and finally 
made this prohibition permanent in 1895. During the 16 
years from 1879 to 1895 there was a steady growth in the 
business of exporting bacon to England. Since 1895 the 
3It is a pleasul"€ to express thanks for the. counsel received from Dr. 0. Winge of 
the Carlsberg Laboratory, especially in regard to the genetic aspects of the study, 
and the information and friendly help received from Prof. Johs. Jespersen and many 
other members of the experiment station of the Royal Veterinary and Agricultural 
College at Copenhagen. I wish especially to mention help received from Dr. Knud 
Rottensten , Mr. M. P . 0sterlund Madsen and Dr. Hialmar Clausen. 
4These historical comments are based largely on information in the book: "Svineavl 
og Svinehold" (Swine breeding and management) by Prof. Johs. Jespersen . 
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English market has been by far the most important outlet 
for Denmark's surplus swine'. Since then the Danish swine 
producers have constantly tried to produce the kind and 
quality of bacon which was most desired in the English mar-
ket. 
"Bacon" as used in the British and Danish markets is not 
as restricted a term as in America but, unless otherwise 
qualified, means the whole side of the pig with the head and 
feet off and the shoulder blade, backbone and most of the 
pelvic bone removed. About 17 percent of the cold dressed 
weight of the carcass is thus removed in the trimming and 
preparation for export. That which is exported is usually 
called bacon in England and "Eksportflaesk" in Denmark, 
but the word "bacon~' is often heard in Denmark, too. The 
terms "bacon" or "bacon sides" will be used in this report but 
mean what is usually called a "Wiltshire side" in the technical 
language of the meat trade in the United States and Canada. 
The first cooperative bacon factory was built in 1887 and 
8 years later, when the swine industry turned its full atten-
tion to the English market, there were already 17 coop-
erative bacon factories. Between 80 and 90 percent of 
the swine killed for export now are killed in these cooperative 
factories. The extensiveness of this cooperation has helped 
make it possible for the bacon factories to unite in policies 
of paying for each individual pig a higher or lower price ac-
cording to whether it conforms well or poorly to the de-
mands of the market. By thus paying each farmer for his 
accomplishments in improving his own swine, these policies 
have been a powerful force in raising the average merit of 
Danish bacon and its reputation in the export markets where, 
especially during the last 10 years, it has met increasing 
competition from other lands. Probably these policies could 
not have been achieved so readily without the cooperative 
system since they cost each local factory some immediate 
money for which the increased returns were not at once 
apparent. Moreover the financial advantage to be had from 
enhancing the reputation of Danish bacon in the export mar-
kets could not be achieved very fully unless a large part of 
the Danish factories participated in the efforts and used 
similar standards of grading, curing and packaging. The 
Danish ' cooperative bacon factories have paid a large part 
of the cost of the swine testing system ever since its incep-
tion and have also helped pay the costs of other efforts for 
swine improvement. 
5A CCOl'ding lo P rofessor J espersen, in 1931 over 99 peroon t of the bacon exported 
f rom Denma rk was g oing to Eng land . a nd Eng land w as getting 60 percent of its 
bacon imports from De nmark . 
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The primary purpose of the swine enterprise on most 
Danish farms is to utilize the skimmilk and other by-pro-
ducts of the dairy enterprise and a part of the crop of small 
grains. The principal grain fed to swine is barley, but con-
siderable use is made of low grade wheat, corn, oats, rye 
and mill by-products. The small grains are mostly home-
grown, but the corn and some of the mill by-products are 
imported. There is little use of pastures for swine. 
BREEDS USED AND BREEDING POLICIES 
Breeding stock was imported, especially from England 
but also from more distant lands, at least a century ago. 
The extensiveness of the importations may be inferred from 
the census of 1861 in which there were reported 1,924 boars 
of which 889 were of English origin and 1,035 were of the 
Danish Landrace. As long as the German market was the 
most important goal, the most widely used English breeds 
were the Berkshire and the Middle White, but a number of 
Large Whites (or Yorkshires, as they are more commonly 
known in Denmark and America) had been introduced into 
Denmark at least as long ago as 1880. 
With the change to the bacon market there came more 
interest in the Yorkshire which was regarded as the out-
standing breed in the closeness with which its bacon ap-
proached the ideal of the English market. At the same time 
the native Landrace was generally regarded as more hardy 
and prolific and better suited to the conditions and treatment 
usually provided on Danish farms. Many of the bacon fac-
tories took an active part in the importation of Yorkshire 
boars which were stationed out on favorable terms with 
farmers in the regions surrounding those factories. 
Thus when the time came in 1895 for a unified striving 
to meet the demands of the bacon market, there was con-
siderable practical experience already available for guidance, 
and the farmers were accustomed to having the bacon fac-
tories counsel with them and even lead them in such matters. 
In so far as the bacon factories were cooperative, support 
and leadership of swine-breeding policies by them was self-
leadership of the farmers but guided by those of their em-
ployees whose duties naturally brought them in closest con-
tact with actual market demands. In the years around 1895 
to 1896 the merits of breeds and types, the question of mar-
ket demands and proposed ways of breeding swine to meet 
those demands all received lively discussion at various meet-
ings of farmers' societies. It was a common opinion then 
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that the native swine breeding stock had generally been 
harmed by too much indiscriminate crossbreeding. The na-
tive swine race, which up to that time had been unorganized 
and without means of preserving pedigrees, was believed 
to be in imminent danger of completely disappearing under 
the flood of planless crossbreeding unless special measures 
for its preservation were at once undertaken. At the same 
time it was frankly recognized that bacon from the native 
swine did not meet the ideals of the English market nearly 
as well as that from the Yorkshires did. Perhaps there was 
also some belief in the intrinsic benefits of crossbreeding in 
the production of market animals. At any rate the policy 
officially adopted at that time was to concentrate on the 
production of two pure breeds of swine, the Yorkshire and 
the Danish Landrace, with as much crossbreeding as possible 
for the production of market pigs, by using Yorkshire boars 
on Landrace sows. 
In organizing the pure breeding of the Landrace an effort 
was made to select the foundation stock from farms and 
in regions where there had been the least frequent use of 
boars from foreign breeds and those animals were selected 
which in outward details most resembled the Danish swine 
which the older farmers remembered from their youth. This 
whole movement toward the establishment of a pure Land-
race may be considered as part of a reaction against too 
much uncontrolled and unsystematic crossbreeding. No one 
knows how much blood of the l!:nglish races introduced long 
before 1895 went into the foundation stock for the Landrace. 
Probably there was at least a little Berkshire and Middle 
White blood and perhaps some Yorkshire in spite of the 
strenuous efforts to seek foundation animals most like the 
Danish swine of the time before the extensive importations 
began. 
Many of the interested breeders, even in 1895 and 1896, 
regarded the Yorkshires and the crossbreeding as only a 
temporary measure for the immediate adaptation of the 
bacon to the English market and hoped that they could 
improve the bacon qualities of the Landrace until it by itself 
would suit both the purposes of the farmers and of the 
market well enough that there would be no more need for 
the Yorkshire and for the crossbreeding. The undisputed 
improvement in the bacon qualities of the Landrace is today 
(1935) causing many to ask whether the other breed and 
the crossbreeding are really advisable now. On the other 
hand, the better understanding of the principles of cross-
breeding which has been gained by progress in the science of 
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genetics, together with the practical experiences of breeders 
of cross-fertilized plants like sugar beets and corn, are caus-
ing others to believe that there should be even more cross-
breeding than hitherto but on a more systematic plan. 
Whatever may be the truth about that, not far from one-
seventh of the recognized swine breeding centers are York-
shire centers. This proportion has not varied much for 
many years. 
BREEDING CENTERS AND THEIR SUPERVISION 
The groundwork of the pI:esent system of state-recognized 
swine breeding centers (of which there are now about 250) 
was laid soon after 1896, largely under the leadership of 
Statskonsulent Peter Aug. M0rkeberg. These centers are 
privately owned and operated but are under a certain amount 
of supervision by a district committee (Avlscenterudvalg) 
representing the farmers' organizations and the cooperative 
bacon factories in each of the nine districts of Denmark. 
This committee visits each breeding center at least twice a 
year, scores the sows and boars intended for breeding, in-
spects the identifying marks of the individual animals, sees 
that pedigree records and sales records are carefully kept, 
advises the owner about his breeding policy and about any 
general faults in his herd, quarantines the center against 
any further sales of breeding stock (until the case can be 
investigated in detail by a veterinarian) whenever they sus-
pect the presence of contagious disease, and sees that the 
center is managed in an orderly and sanitary way "so that 
everyone who sees it will be impressed that here is a real 
breeding place where accidental circumstances do not govern 
but where the work is carried on according to a definite 
plan."· Each breeding center is also given a veterinary in-
spection each September and February and a tuberculin test 
in April of all animals over 3 months old. The owner must 
discard from the herd all animals found unworthy either by 
the scoring committee or in the veterinary examination. 
Each center is obligated to send to the progeny-testing sta-
tions each year enough test litters (of four pigs each) to 
average two pigs per scored sow in the herd. Some leniency 
is shown in enforcing this rule where the center-owner has a 
reasonable excuse for non-compliance in anyone year. The 
scoring committee can specify certain sows from which test 
litters must be sent at the earliest possible opportunity. 
OP age 12, Regier og vejledning vedrs6rende sv ineavlens ledelse . ( Ru les and guidance 
for the leadership of swi ne b reeding. ) 1934. Andelsslagterie rnes Faelleskontor , 
Axelborg, Copenhagen. 
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Thus it will be seen that the committee has ample powers 
for as thorough supervision as it wishes. The details con-
cerning the appointment and organization of these commit-
tees vary from time to time. The government extends them 
such legal authority as they need and pays a small sum 
(about 20 dollars per year in 1933-34) to each owner whose 
farm receives the designation of state approved swine breed-
ing center. Denmark is divided into nine districts for the 
administration of this work. Until 1934 there were several 
committees in each district, often with interlocking member-
ship, so that many farmers and breeders participated in the 
supervisory activities of these committees. In 19'34 the plan 
was simplified to have one committee for each district, one 
member of that committee being appointed by the coopera-
tive bacon factories, another by the Husmands' (small hold-
ers) union, and the third by the cooperative union of farmers 
with medium-sized holdings (Landboforening). The rules 
for these committees and the policies governing all public 
activities for swine improvement are formulated by a central 
committee for the guidance of swine breeding ("Landsudval-
get for Svineavlens Ledelse") and approved by the minister 
of agriculture. There is no organization of the breeders 
which would correspond to the Breed Registry Societies in 
the United States. Registration and other activities in-
tended to improve the breeding stock are sponsored by the 
cooperative bacon factories or by the Landboforening. 
Each year the central organization of the cooperative 
bacon factories issues a report in which the following items 
are published for each state-recognized breeding center be-
sides the name and address of the owner and of the breeding 
center committee which inspects that center: 
1. Score in the summer at the beginning of the inspection year 
separately for: 
(a) Management and general appearance of the farm 
(Maximum is 50 points; some centers scored as low as 16 in 
1933-34.) 
(b) Breeding animals' conformation 
(Maximum is 36 points. One center scored as low as 9 in 
1933-34.) 
(c) Breeding animals' fertility 
(Maximum is 24 points. Some centers scored as low as 13 in 
1933-34.) 
(d) Efficiency in the use of feed by the test pigs from this center 
(Maximum is 16 points. Some centers scored as low as 8 in 
1933-34.) 
(e) Slaughter quality of the test pigs from this center 
(Maximum is 24 points. Some centers scored as low as 12 in 
1933-34.) 
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2. Date when breeding herd was established 
(Six of the 255 centers inspected in 1933-34 were established 
before 1900.) 
3. Number of boars and of sows approved by the breeding center 
committee 
(In 1933-34 there were 351 boars and 1,652 sows of the Land-
race and 52 boars and 295 sows of the Yorkshire breed.) 
4. Number and sex of young animals not yet formally inspected 
(kaarede) 
(In 1933-34 there were 3,751 over 3 months old and 6,906 under 
3 months among the Landrace.) 
5. Number of pigs born and weaned in the preceding year and the 
corresponding percentage as an indication of vitality (Levedygtighed) 
(In 1933-34 in the Landrace 35,866 pigs were born and 77.7 
percent of these were weaned. The corresponding weaning per-
centage in the Yorkshire was 77.3 percent. 
6. Number of litters farrowed and hence the average number born 
per litter and weaned per litter 
(In 1933-34 the average number per litter was 11.5 farrowed 
and 8.9 weaned in the Landrace and 11.6 farrowed and 9.0 
weaned in the Yorkshire.) 
7. Number of boars and of sows sold for breeding purposes 
(In 1933-34 the total numbers sold for breeding purposes were 
4,130 boars and 5,517 sows of the Landrace; 511 boars and 544 
sows of the Yorkshire.) 
This published list serves as a breeders' directory and, 
so far as concerns the items listed above, can serve as a 
basis for comparing the breeding centers with each other. 
It is of course probable that most purchasers make personal 
inspections and also consider other things besides those in 
this list when deciding where they will buy their breeding 
stock. 
It was originally advocated that the centers should pro-
duce all the breeding stock and that farmers who did not 
have breeding centers should procure both their boars and 
their sows from the centers and should practice cross-breed-
ing for the production of the pigs which went to the bacon 
factories. However, nothing so extreme was ever put into 
practice. Most farmers continue to raise their own sows 
for breeding, although they usually procure their boars 
from a recognized breeding center. The practice of cross-
breeding never became as common as was originally intended. 
Professor Jespersen on the basis of the census figures for 
each breed and from his own acquaintance with the industry 
thinks it "unlikely that more than one-fifth or one-sixth, pos-
sibly less, of the sows which are used for the production of 
slaughter pigs have been bred to Yorkshire boars." 
A national herdbook for recording the ancestry and char-
acteristics of the Landrace swine did not appear until 1906. 
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Only a few of the lines in those foundation pedigrees can be 
traced farther back than 1895. Until very recently it was not 
absolutely necessary that both parents be registered or elig-
ible to registry before the animal itself was eligible. That is, 
the herdbook permitted some registration of animals which 
would be called "grades" in America, if they were outstand-
ing in individual merit or performance. Only scored (or se-
lected - "kaarede," in Danish) animals from recognized 
breeding center herds, were eligible to registration and the 
breeding records of those centers were under the supervision 
of the local committee. Moreover boars were not eligible to 
registry until after some of their progeny had been scored 
and approved as suitable breeding animals for a breeding cen-
ter herd. Also a boar must have had progeny tested at one 
of the progeny testing stations. A sow must have farrowed 
at least two litters of pigs and the average size of litters must 
have been at least 10 pigs at birth and at least 8 pigs at wean-
ing time. The sow must also have had progeny tested at one 
of the testing stations. The rules for registry have been re-
vised recently (1934) so that purity of breeding (i. e. regis-
tration or eligibility to registration of all ancestors in the 
last three generations) is necessary. Purity of breeding, 
however, is not enough by itself for registration and both 
sows and boars must still come up to various standards of 
individual performance by themselves or by their progeny. 
The natural result of these rules is that animals are not en-
tered in the herdbooks until they are mature. At anyone 
moment the number of living registered animals is only a 
fraction of the total number of scored and approved animals 
alive and in use at the breeding centers. The local commit-
tee's supervision of each breeding center's records and mark-
ings makes it possible to regard the national herdbook main-
ly as a means of facilitating the interchange of breeding 
stock and information about breeding stock between regions 
which are too far apart for the breeders to know each other's 
stock and pedigrees. "For purely local purposes, the breeding 
center records are regarded as sufficient. 
PROGENY TESTING STATIONS 
After the system of breeding centers had been set in op-
eration with the necessary local committees and scoring of 
the outward appearance of the swine and of their progeny, it 
was felt that something more than judging external appear-
ance was necessary if the breed was to be improved rapidly 
in its ability to produce a high class of bacon efficiently. 
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Some kind of an actual slaughter test was thought necessary 
for any very accurate judgment of the kind of meat an ani-
mal would produce, but this of course could not be done with 
animals which were themselves to be used for breeding. 
In the period from about 1895 to 1907 a number of progeny 
tests of various kinds were conducted in a more or less un-
official way on various large estates to find some way of 
judging breeding swine by the performance of their off-
spring in the feeding pen and at the bacon factory. By 1907 
enough practical experience had been gained in such tests 
that it was decided to start a system of official progeny test-
ing stations, financed largely by the cooperative bacon fac-
tories and partly under their supervision but also supervised 
by the state agricultural experiment station. 
The first such official progeny testing station was opened 
at Elsesminde near Odense on Funen in 1907. Within a year 
another station was opened on Zealand and one in Jutland. 
Late in 1917 all official testing had to be suspended because 
of war-caused shortages of feed and animals. Work was re-
sumed on nearly the original plan during 1920 and 1921 but 
did not function smoothly until late in 1921. In 1926 two 
more stations, one on Zealand and one in Jutland, were es-
tablished to take care of the increasing number of pigs of-
fered for testing. These five are still (1935) functioning 
under a plan which has been changed but little since its in-
ception in 1907. 
Besides the five official stations, there are about 15 "local" 
stations which operate with almost the. same methods but are 
not officially recognized for testing swine from the recog-
nized breeding centers, although data from them may be 
valid for entering animals in the national herdbook and in 
awarding prizes for pedigree at the swine shows. The first 
of these local stations was opened in 1915 and the second in 
1920. Most of the financial support for them comes from the 
local bacon factories. Some of the farmers who send litters 
to the local stations hope some time to establish approved 
breeding centers of their own, but many are without such in-
tention and believe the information from these tests is worth 
getting for use in culling their breeding sows and in selecting 
boars to correct the more serious general defects of their 
herds. 
PUBLICATION AND USE OF DATA FROM THE TESTING 
STATIONS 
As soon as the last pig of a litter has been slaughtered, the 
results are reported by letter to the center owner and to the 
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animal husbandry konsulent in the district where that center 
is located. A printed list showing the results for all litters 
which finished the test in the preceding 3 months is sent 
quarterly to all owners of breeding centers and to all animal 
husbandry konsulents and all other agricultural officials who 
might be interested. Soon after the end of the testing year 
(August 31), all information about litters which have com-
pleted the test during that year is assembled in a single re-
port which also includes a description of the testing system, 
various tables showing trends noted during the years, new 
procedures adopted, any changes in emphasis on certain 
points, tables showing which centers have averaged highest 
in various respects, comparisons between gilts and barrows, 
etc. These annual reports are published in the regular series 
of reports from the research laboratory of the Royal Veterin-
ary and Agricultural College in Copenhagen. In the early 
reports the man in charge of each particular testing station 
wrote the report for his station independently of the reports 
from the other stations, although the reports for a single 
year were all printed together. Since 1925 the preparation 
of this annual report as well as the immediate supervision of 
the whole testing system has been the duty of one man. 
These annual reports, together with some unpublished fig-
ures for individual pigs, were the material used in this study. 
No satisfactory way was found for determining obj ectively 
how much the breeders and farmers use these figures. The 
active interest shown in them by many people, the eagerness 
with which they are awaited, the publicity given at swine 
shows and the operation of so many "local" stations, all make 
it probable that these figures are given much weight in se-
lecting breeding stock, both by general -farmers and by the 
owners of the breeding centers. Naturally the figures for as 
many as three or four litters all sired by one boar, cannot 
often be available before that boar is 18 to 20 months old, and 
he will have been used rather extensively by that time. Hence 
it seems a reasonable conjecture that these figures are used 
most in determining whether or not the untested sons of a 
tested boar shall themselves be used and tested. That is, 
they may be very influential in deciding which boars shall be-
come the paternal grandsires of a large portion of the breed, 
but other reasons will largely decide which particular sons of 
those paternal grandsires are the actual sires of the breed, 
since most pigs, purebred as well as market, are sired by 
boars too young to have been tested. 
As long ago as 1923 there was a demand from the coopera-
tive bacon factories that this already voluminous material be 
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summarized in some convenient form, perhaps by families, 
so that the breeder or farmer who wished to compare one 
animal or pedigree with others might do so without an enor-
mous amount of study and assembling of figures. This led 
to a separate series of studies financed by the cooperative 
bacon factories on the progeny of boars of the Danish Land-
race. A preliminary report on this was published in the con-
solidated volume (volumes 1 to 15) of the herdbook for boars 
of the Danish Landrace in 1929. Beginning in 1931 there has 
been published each year a report ("Beretning om Afkom-
sunters0gelser over Orner af Dansk Landrace" af Johs. 
Jespersen og M. P. 0sterlund Madsen udgivet af de sam-
virkende Danske Andelssvineslagterier) about the progeny 
of various boars. With these studies has come an organized 
effort to keep in the Research Laboratory office complete 
and up-to-date lists of the performance of all tested progeny 
of all individual boars and sows and to publish such informa-
tion in a usable form. 
Figures 2 and 3 taken from the third of these reports 
about the progeny tests of boars show the best way yet found 
to present the most important data graphically. Each little 
square represents the slaughter characteristic of one barrow 
or gilt sired by the boar concerned. The heavy perpendicular 
line is drawn at about the average performance of all pigs 
tested and the scale for each of the six characteristics shown 
is arranged with the more desirable values on the right, so 
that one can see at a glance whether the majority of the off-
spring lie to the right (are better than average) or to the left 
(are poorer than average) for each trait and whether they 
are closely bunched together (i. e. are uniform) or are strung 
far apart showing much variability, and can see this progeny 
test separately, for each of the six characteristics. It is rare 
that a boar's progeny are far above average in all six traits. 
The characteristics shown are: Body length (Laengde), 
thickness of back fat (Ryg), thickness of belly (Bug), score 
for firmness of flesh (Fasthed), score for distribution of fat 
along the back (Fordeling) and score for proportion of lean 
meat (K0dfylde). Accompanying each chart in the report 
is some discussion of circumstances which may help in in-
terpreting these charts correctly, such as whether the dams 
of these progeny were of varied breeding or ~losely related 
and by a boar which had sired offspring distinctly above or 
below average. Figure 2 shows the case for the boar, "Mes-
ter Sejrup" whose progeny are distinctly above average in 
length, a little above in thickness of back fat, a little below 
in belly and in firmness and in meatiness and about average 
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Fig. 2. Graphic presentation of the progeny test of "Mester Sejrup" for 
six important characteristics. 
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in distribution of fat. Not many boars get such an extensive 
progeny test - 53 offspring fattened and slal.lghtered. 
Figure 3 shows the progeny test of the boar, "Stendys 
Elken0re" who is about average or a little below on all char-
acteristics but shows an exceptionally wide range in the 
thickness of back fat. Forty of his progeny are shown. 
PROCEDURE OF TESTING 
From the litter to be tested, four pigs are sent to the test-
ing station when about 7 or 8 weeks old and are fed there un-
der standard procedure until each reaches a live weight of 
about 90 kilograms (200 pounds), when it is slaughtered at a 
nearby bacon factory and the meat is weighed, measured and 
scored. When the testing plan first started, some attempt 
was made to have the local committee select the litters and 
pigs which were to be tested. That was later modified to give 
the center-owner freedom of choice in this. Now the breed-
ing 'center committee makes a list of sows which are to be · 
tested. When the testing stations are full, only litters from 
those lists are accepted. When there is plenty of room at the 
stations, other litters not on this list may be accepted from 
center-owners. The four pigs from each litter should, so far 
as possible, consist of two males and two females. Over most 
of the period, only about half of the litters received at the 
testing stations have conformed exactly to this rule. From 
some of these one pig had to be discarded because of un-
thriftiness. The result was that only about one-third to two-
fifths of the litters which finished the test in the past con-
sisted of exactly two gilts and two barrows. 
Naturally, in spite of all precautions, a few pigs die during 
the test period and others become so sick or seriously un-
thrifty that it seems unfair to include them as evidence about 
the breeding worth of their parents. The rule on this point 
has been to discard from the experiment any pig which for 
three consecutive weighings, i.e. in a continuous period of 4 
weeks, makes no gain at all. Those in charge are permitted 
some discretion in administering this rule. If only one pig of 
a litter dies or is discarded because it is unthrifty, the litter 
is continued and the results are figured as the average of the 
other three, but if two or more from the same litter die or 
are unthrifty, the litter is discarded entirely. 
Formerly the pigs were started on the experimental feed-
ing period soon after their arrival at the testing station, the 
intention being to have them all started near the age of 8 
weeks. In actual practice, however, the average age was 
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Fig. 3. The progeny test of "Stendys Eikenpre" as H was in 1934. 
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nearly always higher than this, and the centers varied in the 
age at which their pigs were sent. Beginning Jan. 1, 1929, 
this policy was changed so that the pigs are now started on 
the experimental feed when the litter reaches an average 
weight of 20 kilograms. The assistant in charge at each sta-
tion has authority to-send back to the center-owner any lot 
of pigs which he thinks is not worth putting on test when 
they arrive, but this right is not often exercised except in 
case of pigs which are both under-sized and sickly or where 
the male pigs have been castrated very recently and appear 
not to be recove'ring properly. At present the average weight 
of the lot must be less than 20, but no pig may weigh less 
than 13 kilograms upon arrival. 
The pigs are weighed individually every 14 days until they 
near the slaughter weight when they are weighed every 7 
days. The standard weight for slaughter is 90 kilograms. 
Practical expediency dictates that slaughtering shall not be 
oftener than once a week at each station. Hence it sometimes 
happens that a pig is slaughtered weighing as little as 87 or 
as much as 96 kilograms. Also there have occasionally been 
unavoidable circumstances (such as strikes at the bacon fac-
tories in 1920 and 1921) which prevented slaughtering at the 
proper date. Figure 4 shows that the variations in the aver-
age weight at slaughter have not been large. Because 
slaughter is on the basis of the weight of the individual pig 
and not on the basis of the average weight of the litter, the 
ages of litter mates at slaughter may sometimes be as much 
as 7 or 8 weeks apart. 
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The housing of the pigs and the construction of the barns 
are described in considerable detail in some of the annual re-
ports. The pigs are kept indoors at all times, with consider-
able attention to the ventilation of the stalls which have con-
crete floors. Each stall has a slightly raised portion with 
straw bedding for sleeping quarters, a back portion which is 
also a runway for cleaning purposes, and a front portion with 
the feed trough where it can be reached from the central 
aisle. The younger pigs are sometimes kept in smaller stalls 
until larger stalls are made available by the slaughter of the 
litters which have been in them. Except for this, the litter is 
kept in the same stall during the whole experiment, being 
taken out only for the regular weighings. After a litter has 
been removed from a stall, that stall is cleaned and disin-
fected before another litter is placed in it. 
FEEDING PLAN 
The feeding plan is described in detail in each report. The 
ration consists of ground grain mixed with skimmilk and 
some water. Before it is mixed with the grain, the skim-
milk stands 24 hours for souring, or else it is obtained from 
the creamery already mildly soured. The skimmilk is always 
pasteurized before being soured. The ground grain and 
skimmilk for 24 hours feeding are mixed for each lot in the 
morning and the first feeding from this mixture is at noon. 
The ration is hand-fed three times daily at a rate based on 
the live weight of the pigs at the last weighing. Deviations 
from this rate of feeding are made when the pigs do not eat 
all the feed within a very short time after it is given to them. 
The skimmilk constitutes a larger portion of the ration for 
small pigs than for larger ones, but there have been only 
slight deviations from the rule that, in terms of feed units, 
the skimmilk constitutes about 20 percent of the total feed 
eaten during the experimental period, and the grain consti-
tutes 80 percent (a kilogram of dry grain or 6 kilograms of 
skim milk equals one "feed unit" in all these calculations). A 
20-kilogram pig receives 1.5 kilograms of skimmilk daily, and 
this amount is increased as the weight increases until the pig 
weighs 50 kilograms and receives 3 kilograms per day of 
skimmilk. Thereafter there is no further increase in the 
daily ration of skimmilk. Water is added whenever neces-
sary to give the feed the desired consistency. The feeding 
plan is thus a limited feeding one and is planned to utilize 
much skimmilk. 
Since 1923 the grain mixture has consisted of the foIlow-
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ing by weight: 1J2 ground barley, 1,4 ground wheat and 1,4 
ground corn. Wheat was not used before 1923. Prior to 1923 
the most characteristic grain ration consisted of equal parts 
of corn and barley. However the stations were not always 
uniform in their feeding policy. Thus some rye was fed at 
Bregentved until as late as 1914 and it occasionally (fourth 
report) constituted fully half by weight of the concentrates 
fed. The "svinefoder" prepared by the bacon factory at 
Odense constituted one-third of the concentrates fed at 
Elsesminde until 1913 (Reports 1 to 5). Whey was some-
times used in the early years to replace much of the skim-
milk. Buttermilk sometimes was used instead of skimmilk 
for the very small pigs. Under the stress of the war-caused 
shortages, there was fed less barley and more maize and con-
siderable amounts of cocoanut cake (up to one-fourth of the 
concentrate ration at Bregentved during much of 1917). Up 
to 1910 the stations made some use of green or succulent 
feeds such as alfalfa and root crops but this was then discon-
tinued because the seasonal nature of these feeds was 
thought to make the results from pigs fed at different sea-
sons of the year not fairly comparable. 
Beginning in 1928 it has been the uniform practice at all 
stations to feed common cod-liver oil at the rate of from 5 to 
10 grams daily to each pig in those lots which have not yet 
reached an average weight of 25 to 30 kilograms. The only 
mention of cod-liver oil prior to this is that it was occasional-
ly given in the winter months as medicine to pigs apparently 
suffering from lameness (Stivsyge). 
Also in 1928 was begun the steady use of a mineral mix-
ture consisting of equal parts of salt and limestone. This is 
fed at the rate of about 10 grams daily per pig, a little less 
for the small ones and a little more for the large ones. In the 
earlier reports there is irregular but frequent mention of the 
use of a little bonemeal at several of the stations. The large 
amounts of "svinefoder" fed at Elsesminde in the first 5 
years may have contained a noteworthy amount of minerals. 
The very small pigs have usually received ground barley 
instead of the grain mixture. Since 1929 an average weight 
of 20 kilograms has been the dividing line between large and 
small pigs, but before 1929 that was sometimes as much as 
25 or 30 kilograms. In the eleventh to thirteenth reports it 
is stated that the very small pigs received their grain dry in-
stead of soaked in skim milk as was always the case with the 
older pigs. 
In estimating from the reports themselves the changes 
which have been made in the feeding plans, the fact should 
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be kept in mind that in the first 13 reports (up to Aug. 31, 
1924) , the report for each station was written by the man in 
charge of that station. There was some freedom for each 
man to go into detail concerning points which interested him 
especially. The fourteenth report (1924-25) and all subse-
quent reports up to and including the twenty-second were 
written by Mr. N. Beck who had been in charge of the sta-
tion at Elsesminde from its very beginning and who was in 
charge of all the stations from 1925 until his death early in 
1934. Beginning with the fifteenth report, the results are 
presented primarily by subjects rather than by stations. 
This editorial change gives the impression of increased uni-
formity of procedure, whereas it is possible that the proced-
ure might still have seemed somewhat diverse if the account 
for each station had continued to be written by the man in 
immediate charge of that station. One is therefore at some-
what of a loss to estimate from the reports themselves how 
much of the apparent increase in uniformity of procedure 
since about 1924 to 1926 is real and how much of it is editor-
ial. The fact that one man gave his full time to the super-
vision of all stations since 1925, whereas previously they 
were under the supervision of a committee or committees 
which met only from time to time, must surely have made 
some increase in the uniformity of proGedure. Those who 
have been actively in charge of the progeny investigations 
are convinced that the data since about 1926 are much more 
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comparable with each other than before, both as concerns 
data from different stations and data taken at the same sta-
tion but at different times. 
The history of the major changes in the feeding policy, as 
gleaned from the reports, may be seen at a glance in the 
schematic diagram, fig. 5. There is, of course, room for dis-
pute as to which features of the feeding policy were really 
important enough to have been mentioned here. For ex-
ample, the steady use of minerals and of cod-liver oil for the ' 
young pigs seems theoretically important, but the percent-
age rejected for death or unthriftiness, the average daily 
gain, and the average economy of gain do not show any sud-
den favorable change coinciding with that addition to the 
ration. The changes shown in fig. 5 were selected largely on 
the basis of what current knowledge and theory of nutrition 
indicate rnight have affected the results. 
CHANGES WHICH HAVE OCCURRED IN THE SWINE 
POPULATION, 1907 TO 1935 
In this section will be presented an account of the changes 
which have occurred in the averages of the characteristics 
weighed, measured or scored on the pigs at these progeny 
testing stations. In cases where a distinct change undoubted-
ly has occurred in these averages, the question of most in-
terest is: What caused this change and what determined the 
effectiveness of the various agencies which had some part in 
producing it? Naturally it is not possible to get a complete 
and indisputable answer to all parts of this question. How-
ever some possible answers will be made more probable and 
others less probable by a description of the changes which 
have occurred, together with the accompanying circum-
stances. In a later section detailed studies of the resem-
blances and unlikenesses between animals related by descent 
in various ways will throw additional light on this. 
NUMBER AND REPRESENTATIVENESS OF MATERIAL 
Table 1 shows the number of litters tested at these sta-
tions. Except for the crossbreds, these numbers show only 
minor changes during the pre-war period, a steady increase 
when testing was first resumed after the war, and a sharp 
increase in 1926 when the two new stations were opened. The 
regular stations have sometimes had to refuse litters on ac-
count of lack of space. If this could be taken into account 
and if the numbers of pigs tested at the local stations could 
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TABLE 1. NUMBER OF LITTERS TESTED EACH YEAR 
Stations Total for all stations 
Year H~ngl Harald,-
I 
I lover 
I 
kjaer (or Bregent- Elses- Ljljstrup Land-I YOl"k- Cross-Skaerup- ved minde (or Rod- race shire bred 
lund) stenseje) 
1907-08' __ 55 
I 
72 101 26 --09-10· __ 182 94 86 290 67 16 
10-11 
--
34 69 62 115 33 7 
11-12 
--
77 43 95 163 49 3 
12-13 
--
89 60 97 199 44 3 
13-14 92 63 
I 
88 173 57 3 
14-15 
---
81 56 107 184 60 --
15-16 
--
79 57 105 193 38 10 
16-17 91 64 105 207 49 4 
War Interruption 
20-21 
--
I 
62 31 
/ 
106 149 
I 
48 2 
21-22 
--
90 64 136 224 68 8 
22-23 
---
87 98 
I 
123 232 74 2 
23-24 
---
104 104 172 298 78 4 
24-25 
--
105 71 122 243 54 1 
25-26 
--- I 161 124 136 326 84 1 26-27 
--
66 174 130 129 150 540 105 4 
27-28 
--
111 198 122 143 175 619 120 10 
28-29 
---
116 174 124 139 151 583 89 32 
29-30 108 176 116 119 163 616 106 49 
30-81 __ 1 130 211 133 144 203 658 131 32 
31-32 ___ 129 236 144 166 214 762 124 3 
32-33 __ I 128 233 148 133 193 693 142 --
33-34 __ /139 220 125 133 220 699 138 --
34-35 ___ 128 218 124 113 186 674 96 --
'The dates for the beginning and ending of these first two reports were not quite 
the same at all three of the stations_ 
have been included, the figures would show a larger increase 
in the progeny-testing of swine in recent years. On account 
of the varying and often small numbers of crossbred pigs 
tested in different years, the averages for the crossbreds are 
shown as disconnected circles or dots on most of these 
graphs. 
The data themselves provide little basis for any judgment 
concerning the representativeness of the test pigs. The local 
committeee on its semi-annual inspections of each breeding 
center requests that certain ·sows be tested and such litters 
are given preference if lack of space at the testing station 
makes it impossible to accept all the litters offered. Other-
wise the choice of test pigs is left to the center-owner, sub-
ject to the sex-requirements and to the rule that the total 
number of test pigs from each center should average two pigs 
per year per scored sow. There would naturally be some 
desire to select better-than-average pigs for the testing. This 
would be at least partly offset by a desire to save the very 
best pigs for breeding purposes or for sale to customers who 
must be satisfied if they are to be kept as steady customers. 
Perhaps the most important limiting factor on selection is 
that the pigs must be sent -in for testing at an age of about 
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Fig. 6. P ereentage of accepted pigs which did not finish the test either because of 
death or because t hey were r emoved for sickness severe enough that they made no 
g ains during a 4-week period. 
6 to 8 weeks. It is doubtful whether such selection as can be 
made at this age could make the tested samples very unrep-
resentative of the herds from which they came. 
Many of the crossbred litters tested were deliberately pro-
duced for studying crossbreeding. In all but 3 years the 
number of crossbreds has been so small that one cannot have 
much confidence in the results being very typical of cross-
breeding in general. 
TRENDS IN HEALTH 
Figure 6 shows the percentage of accepted pigs which be-
cause of death or unthriftiness were discarded before they 
reached the slaughter weight. The crossbreds are shown on-
ly for the 3 years when more than 30 crossbred litters were 
tested. There has been fairly steady improvement in both 
breeds or in the conditions of management or in both. The 
breed difference is especially interesting because it is so 
highly consistent and shows no certain indication of chang-
ing, although the means of both breeds have rather steadily 
changed. The breed difference is statistically significant in 
nearly all but the last one of the recent years considered 
singly (the standard deviation of the difference is not very 
far from 0.9 percent) and is overwhelmingly significant in 
view of the fact that it is so consistent year after year. Is 
the downward t rend a genetic improvement in both breeds 
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rendering them healthier and more resistant to adverse en-
vironmental circumstances? Or is it only improvement in 
environmental circumstances? If the latter, why is it so 
regular year after year? 
Figure 7 shows the percentage of those which were found 
to have tubercular lesions when they were slaughtered. Most 
of these had only slight lesions in the neck glands. There is 
no clear evidence of a breed difference unless it be a breed 
difference in trends since 1926. All Danish bacon factories 
maintain rigid inspection for tuberculosis, and no part of any 
pig which is found affected, no matter how slightly, is al-
lowed to go to the English market. The experimental pigs 
were inspected as rigidly as the others. In addition the an-
nual reports stress the findings about tuberculosis as being 
of help in locating the most highly infected herds and thus 
perhaps helping in the eradication of tuberculosis. 
AGE AND WEIGHT AT SLAUGHTER 
Figure 4 shows that there has been no distinct trend in 
weight at slaughter although the weights have usually been 
a little nearer the desired goal since 1926. In age at slaughter 
there was a distinct trend downward for 7 years following 
the war but practically no trend for the most recent 6 years. 
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Fig . 8. Changes in average daily gain. 
The pre-war fluctuations were irregular and the two ex-
tremely high ages both occurred in the 2 years when the av-
erage weight at slaughter was also unusually high. The post-
war trend showed so nearly the same progress each year and 
lasted so long that it can hardly have been accidental. But, 
whatever the reason for this change, genetic or otherwise, 
why did the trend so suddenly cease after 1929 and why was 
there no distinct pre-war trend? 
TRENDS IN DAILY GAIN 
Figure 8 shows for both breeds and for the crossbreds the 
trends in rates of gain. The only pronounced change occur-
red in the 7 years beginning in 1922. The parallelism be-
tween the two breeds is very striking but might be expected 
either on the hypothesis that feeding and management were 
steadily improving and were the causes of this increase, or 
on the hypothesis that the change was a genetic one caused 
by selection which immediately after the war was focused 
mainly on rates and economy of gain but in recent years has 
been turned much more to improving the market desirability 
of the pigs. In either case it is hard to see why the change 
should have been so regular and rapid for so long a time and 
should then have ceased so abruptly. The reports since about 
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1926 to 1928 have certainly stressed features of market type -
such as body length, thickness of belly and back fat, and 
score for bacon type and for firmness of flesh far more than 
they did formerly. Of course this has meant relatively less 
emphasis on selecting for economy and rate of gain, but it 
seems improbable that all the breeders would suddenly fol-
low this advice. Also the reports in the pre-war years cer-
tainly stressed rate and economy of gain very much, and yet 
there is no indisputable evidence of a pre-war trend. Perhaps 
the changes from 1910 to 1914 can be interpreted as such a 
trend abruptly halted by the war-time conditions, but one 
cannot be certain that this trend over such a short period is 
other than accidental. The undisputed fact remains that the 
rate of gain at the testing stations for the last 6 years has 
been about 16 to 18 percent higher than it averaged before 
1923. 
There is no material difference between the breeds in rate 
of gain. The crossbreds on the whole seem to gain a little 
faster, but in the 3 years when they were numerous enough 
for their averages to be very dependable (1928-1931), the 
crossbreds averaged about the same as the purebreds. There 
may have been less selection among the crossbreds, since 
many of them were bred especially for these tests and every 
qualified litter would be used. 
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TRENDS IN ECONOMY OF GAIN 
Figure 9 shows the annual averages of feed units required 
per unit of gain. The average ration since 1923 has been 
2 parts barley, 1 part corn, 1 part wheat and 6 parts of skim-
milk. Hence the figures shown in figs. 9 and 11 may be con-
sidered as pounds of this ration per pound of gain in live 
weight, except that the actual weight of the skimmilk is 
first divided by six before it is added in with the other feeds 
to compute the "feed units" eaten. 
The annual reports until about 1926 or 1928 stressed econ-
omy of gain more than any other one feature. The York-
shires seem to have shown a steady improvement, inter-
rupted only by the war period, until about 6 years ago. The 
Landrace showed no distinct trend before the war but a 
sharp improvement for 7 successive years after 1922 - an 
improvement which has almost ceased for the last 6 years. 
The crossbreds seem generally to have been more efficient 
than the purebreds but the differences were small and ir-
regular. Naturally these curves are closely related to those 
in figs. 4 and 8, since a more rapid gain means less time on 
feed and less feed used for maintenance. An attempt was 
made to answer the question of whether the real improve- . 
ment in the practical economy of gain was entirely a conse-
quence of the more rapid gains or whether there was also 
some increase in physiological efficiency in addition to this. 
The following figures were computed', using from the reports 
the averages for the most dependable pre-war years, the 3 
post-war years before the improvement began, and the first 
5 years after it ceased. The results are as follows: 
I 
Average age Total feed units I Feed units per unit of Period at slaughter used per unit of gain. after deductIng used feed used for main-
(days) gain tenance 
1911-14 _. 194.3 3.75 2.26 
1920-23 .. 196.0 3.63 2.10 
1928-33 _ 178.2 3.36 2.07 
The figures in the last column indicate some increase in 
physiological efficiency. This increase, however, is slight, 
particularly in the last interval. 
Figure 10 shows the regression of economy of gain upon 
age at slaughter (computed by Prof. Johs. Jespersen and 
M. P. 0sterlund Madsen from data on more than 3,000 litters 
fed at the official testing stations during the time from 1922 
to 1928). While this shows that a distinct regression ex-
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Fig . 10 . Average feed requirement per unit of gain for pigs slaughtered at 
various ages. 
isted, it seems not to tell anything critical as to the causes of 
that. There is a distinct time trend in the data since they 
come from a period of years when the average age at slaugh-
ter and the average feed required per unit of gain were fall-
ing. This regression line may reflect both the saving in 
maintenance feed and some gains in physiological efficiency. 
That is, under this system of feeding where the amount fed 
was according to a fixed schedule determined by the weight 
of the pig at the beginning of the weighing period, the most 
efficient pigs (in the genuine physiological sense of that 
word) would gain the most per unit of feed and would there-
fore come to their slaughter weight at an earlier age than the 
others. This of itself would give rise to additional savings in 
maintenance feed. Another point which may have some 
bearing on the question of improvements in physiological ef-
ficiency is the composition of the pig at slaughter. Chemical 
analyses of pig carcasses were not made. However consider-
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Fig. 11. Changes in feed required per hundred pounds of gain at each of the 
three oldest stations. 
able efforts have been made to breed longer pigs with thin-
ner back fat and more lean flesh. There has also been striv-
ing for thicker bellies. Some of these goals have been partly 
realized, but the data do not make possible a quant~tative 
estimate of how the proportions of fat, lean, bone, water, 
etc., in the pig at slaughter time have changed. There has 
been no material change in dressing percentage. The changes 
in carcass measurements have been most pronounced in the 
last 6 or 8 years at the time when the efficiency in use of 
feed has almost ceased to change. 
If the changes in apparent efficiency in the use of feed 
were primarily caused by improvement in sanitation, ventila-
tion, or other matters of management at the testing stations, 
it is difficult to see how progress could have been so steady 
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as it was from 1922 to 1929. To throw some light on this, 
fig. 11 was prepared to show separately for each of the three 
oldest stations how the efficiency in the use of feed varied 
from year to year for each breed. The close parallelism of 
the year-to-year changes in both breeds at the same station 
is eloquent testimony of the importance of local variations in 
health or management, yet there is at all three stations this 
general downward trend which, if its origin were to be ex-
plained in environmental improvement, would seem to require 
steady improvement in many small features of the manage-
men~ at each station for some 7 or 8 years and then a rather 
abrupt cessation of such improvement. It seems to the writ-
er easier to believe that much of the general improvement 
was due to genetic changes in the swine population brought 
about by selecting breeding stock from the descendants of 
those animals which had made the best showing in rate and 
economy of gain. The increased emphasis on carcass quali-
ties which began about 1925 to 1927 might have been enough 
to bring almost to a stop, 2 or 3 years later, further improve-
ments in economy of gain. Nevertheless the data do not pre-
clude belief that steady environmental improvement may 
have had much importance. 
This topic can be summarized by saying that there was 
a large gain in the practical efficiency of using feed (a de-
crease of about 8 percent in the amount of feed required for 
a pound of gain, occurring in the 7 years between 1922 and 
1929) but that most of that improvement may have come 
from the more rapid rate of gain which saves considerable 
of the feed which would have been needed for maintenance 
if the rates of gain had not been changed. The figures also 
indicate some improvement in physiological efficiency, more 
especially in the early years, but the differences are small 
and other possibilities are too uncontrolled to warrant ex-
treme confidence in the reality of this. That these improve- . 
ments in efficiency were largely due to breeding is indicated 
by two things: (1) The absence of recorded changes in feed-
ing or management which might reasonably be supposed to 
have produced the improvements, and (2) the correlations 
between relatives which show (especially for rate of gain) 
that there was considerable hereditary variability available 
for selection. 
CHANGES IN BODY LENGTH 
Figure 12 shows the yearly averages of body length. Dur-
ing the pre-war period this was measured from the hip socket 
to the front edge of the side, that is, to the cut by which the 
140 
'3~ 
0 -- Londrac .. 
---- Yorlcshirf! 
94 
7 
U 92 
to 
C 
I 
I-
\9 90 Z 
W 
...J 
>-0 
0 B8 
,........,. o Crossbr~d 
~ I\'\... 0 ~ 
-
J' \_, 
I 
o? 
...... 
I 
l 
o~ ~ ,- '7 -~ \ , I 
dl 0 0 
8" 
o[ Ii' '" . 
190 5 1910 1915 1920 1925 1930 1935 
Fig . 12. Cha nges in body length . (Pre-war a nd post-war measuremen ts a r e n ot 
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head was removed from the body. Since this edge was 
somewhat variable and dependent on the cutting, it was de-
cided to change this when testing was resumed after the war. 
Since the war the measurement has been from the hip socket 
to the middle of the body of the atlas bone in the neck. Prior 
to this time length was measured on the chilled carcasses, 
while they were still hanging from the rail. Since then 
measurements have been made while the chilled carcasses 
were lying on the cutting table. This last change alone 
caused the measurements to be about 1.5 cm. shorter. One 
of the stations for the first year or two after the war 
through misunderstanding continued to use the old methods. 
Hence the pre'-war results are not comparable with the post-
war ones, and the first 2 years of post-war results are a mix-
ture of both methods in var ying amounts and are not directly 
comparable with either the preceding or the following 
measurements. 
There seems to have been no definite trend prior to about 
1925 or.1926 but a distinct increase since then. The increase 
has been larger in the Landrace than in the Yorkshire. There 
is no distinct difference in breed means, and the crossbreds 
are scattered irregularly around the means of the two pure 
b~eeds. The desirability of more length has been heavily 
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stressed in the reports for the last 6 to 8 years, and the verbal 
testimony of those familiar with the swine breeding, as well 
as the data, all fit the hypothesis that this change is a gen-
etic one produced mainly by selecting the descendants of 
those boars and sows whose progeny were unusually long and 
were at least reasonably desirable in other respects. Prob-
ably body length can be estimated more accurately from the 
appearance of the breeding animals themselves than can any 
of the other characteristics discussed here. Selection ' for 
body length may have been based as largely on the appear-
ance of the breeding animals as on their progeny tests. 
Table 6 in the twenty-third annual report shows that 1,492 
ordinary farm swine measured at nine different bacon fac-
tories averaged 3.7 cm. shorter than the 2,644 contemporary 
Landrace from the official testing stations and 2.5 cm. short-
er than the 541 Y orkshires from the testing stations. This 
is what would be expected if the changes in length are really 
genetic changes with selection in the breeding center herds 
causing that change while the general population of commer-
cial swine shows an average lag of something like one to 
three generations. 
An interesting feature about body length is that it is one 
of those characteristics (perhaps not so rare as might be in-
ferred Trom many discussions of applied genetics) for which 
the most highly preferred measurement is neither the ex-
tremely large nor the extremely small but an intermediate. 
The ideal length at present in Denmark is considered to be 
92 or at most 92.5 centimeters. The general average of the 
Landrace has almost reached that ideal. Already there are 
occasional litters which average 95 or more centimeters in 
length. What progress can be expected after the breed 
comes to the point where the average length is just what is 
wished but a considerable percentage are too long and an 
equal percentage are too short? That question is already 
being discussed, as well as the question of whether animals 
whose progeny are too long can be used profitably for mating 
to animals whose progeny are too short. The theoretical 
genetic basis for such cases as this was clarified by Wright' 
in 1921 and 1935, but especial interest will attach to the 
actual developments in the present case because it seems to 
offer an unusually good illustration of these principles, and 
may even provide some semi-experimental testing of the the-
oretical expectations. 
' W right. Sewall. Systems of m ating. III. Assortative mating based on somatic 
resemblance. IV. The effects of selection . Genetics. 6 :144·1 66. 1921. 
The analysi s of variance and the correlations between relatives with respect to devia-
tions from an optimum. J ou r. of Genetics , 30 :243· 256. 1935. 
142 
4.5r------r------r-----,-----,------,---------y 
o 
4.01---=+7'"_~~'--'---_+----" __ ...=-~:__''--_+--___f 
"" E 
V 3.5 
c 
~ 
'--' 
\J) 
\f) 
w 
Z 3.0 ~ 
I 
r 
2.5 
BELLY 
-- Londrac~ 
---- YorJc:shirct 
0 Crossbr-ed 
01 1 1 1 I 
1~05 1910 1915 1920 1925 1930 1935 
Fig. 13. Changes in thickness of back fat and thickness of belly. 
CHANGES IN THICKNESS OF BACK FAT AND IN THICKNESS 
OF BELLY 
Fig. 13 shows the averages for both of these measurements. 
The back fat measurement is an average of three measure-
ments, one from over the shoulder, one from over the front 
of the loin, and one (itself an average of three) from over 
the front edge of the pelvis. The belly measurement is made 
with a dagger thrust through the belly flesh in the teat row. 
An average of three such measurements is used, one a hand's 
breadth back of the sternum, one a hand's breadth in front 
of the ham, and one mid-way between those two. The teats 
themselves are avoided, of course, in making these measure-
ments. These measurements therefore are objective, but 
are subject to considerable measuring error, especially be-
cause these thicknesses vary from spot to spot, even on the 
same pig. Two pigs may have the same average thickness of 
back fat (or of belly) and yet one may be an average of 
three widely different measurements while the other is an 
average of three measurements very nearly the same. The 
uniformity of this thickness is scored separately (see figs. 
16 and 17) but does not appear in fig. 13. 
Little emphasis was given to these two measurements in 
the early reports except to stress that pigs must not be too 
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fat and that the fat should be well distributed. Beginning 
about 1925 to 1927, however, a strong and increasing em-
phasis, second only to the emphasis laid on body length, is 
laid on these two measurements. In some reports thickness 
of back fat seems to receive even more emphasis than length 
of body, since it has more to do with the market classification 
of the carcass. In recent years every effort has been made 
to get the back fat thinner and the bellies thicker. Figure 
13 shows that these efforts have been highly successful in 
the case of back fat in both breeds and fairly so for thick-
ness of belly in the Landrace. Back fat is like body length 
in that the ideal is not the extreme but an intermediate 
which is already being exceeded in individual cases and even 
by whole litters now and then. Carcasses with too thin 
back fat often are too soft to suit the market demand. 
Hence as the back fat becomes thinner, more emphasis in 
selection is naturally being laid on finnness of flesh (fig. 16). 
If the present rate of progress continues, it may not be more 
than 2 or 3 years before the average thickness of back fat 
is optimum for the degree of firmness now prevailing. When 
that point is reached some pigs will have fat too thick, and 
an equal number of others will have fat too thin. If the 
flesh can be made firmer by other means, then the ideal 
thickness of back fat may itself be changed to a somewhat 
thinner dimension than is ideal at present. That is, the 
ideal at present is not merely a dimension but is a combina-
tion of just enough fat to make the flesh firm. Thickness of 
belly is increasing but not as rapidly as thickness of back 
fat is decreasing. There seems to be no immediate likelihood 
that thickness of belly will reach -its optimum within 5 or 6 
years at least. Both of these traits show a definite sex 
difference, that being particularly important in the case of 
belly thickness. Barrows have thicker backs and thinner 
bellies than gilts. 
There was a distinct breed difference in the early years, 
but the improvement in the Landrace has been so much more 
rapid than in the Yorkshire that the breed averages have 
been almost identical for the last 4 years. The crossbred 
averages seem to be scattered almost at random about the 
parental averages. 
CHANGES IN DRESSING PERCENT AND IN YIELD OF EXPORT 
BACON 
"Dressing percent" is the percentage which the cold 
dressed meat is of the live weight of the pig at slaughter. 
After the carcass has chilled for 24 hours or more, it is 
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Fig. 14. Changes in dressing percent and in yield of export bacon. 
trimmed for export by removing the head, feet, some of the 
neck, the backbone, shoulder blades, part of the pelvic bones, 
part of the sternum and various small parts which are 
trimmed off to make the carcass neat and smooth. The re-
maining meat is known as export bacon ("Wiltshire sides" 
in the United States and Canada). Its weight at this stage, 
divided by the live weight, is the "yield of export bacon" 
studied here. After this trimming it goes immediately into 
a brine solution where it remains 4 days. When removed 
from the brine it is allowed to drain for 3 or 4 days and then 
is shipped to England without further trimming. 
Figure 14 shows the annual averages for these two char-
acteristics. The distinct breed differences which persist 
from the beginning until the present with no clear indica-
tion of diminishing or increasing and with no overlapping 
of the breed averages, seem clear evidence that the varia-
tions are partly hereditary. The crossbred averages are in 
nearly all cases conspicuously intermediate. It is difficult 
to see why there were no distinct general trends in these 
percentages. Most of the men familiar with the testing 
work stated that no emphasis had been laid on these per-
centages and breeders had not been urged to pay attention 
to them in their selections. However in the annual reports 
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for recent years the figures for yield of export bacon are 
printed in bold-face type as if to call special attention to 
them. The figures for dressing percent are given only in-
directly as the percentage of loss during slaughtering. The 
recent reports include special tables calling attention to those 
litters which have yielded 61 percent or more of export bacon. 
CHANGES IN AVERAGE CLASSIFICATION OF BACON SIDES 
Danish farmers are paid at the cooperative bacon factories 
for their pigs according to weight and classification of the 
carcass. The classification is based almost entirely on thick-
ness of back fat. The price . posted at the bacon factory is 
for cold dressed carcasses weighing 58-64 kilograms (128 
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to 141 pounds), and from this price there are deducted cer-
tain penalties for the amount of overweight or underweight 
on each pig which is outside these weight limits. These 
weight limits correspond to a live weight of about 180-195 
pounds. There have been occasional changes in these weight 
limits. The farmer is paid the day he delivers a pig nearly 
all of what it is thought to be worth, and at the end of the 
year he receives the balance in the form of his cooperative 
dividend. After the pig is killed the meat is graded as first, 
second, or third class, according to the thickness of the back 
fat. A small deduction is made from the base price if the 
pig proves to be second class and twice as large a deduction 
is made if it proves to be third class. This classification is 
thus of considerable economic importance and is emphasized 
in these reports. There is little room for personal opinion 
in deciding whether a pig falls inside or outside of a given 
class. First class pigs have the thinnest fat and third class 
pigs the thickest. The Elsesminde station began reporting 
this classification in 1923-24 and the other stations followed 
2 years later. Figure 15 shows the breed averages, but the 
first 2 years contain data only from Elsesminde. Data for 
the crossbreds are shown only for those years when more 
than 90 crossbred animals were tested. 
There is in fig. 15 a distinct increase in proportion of first 
class bacon sides and a sharp decrease in the proportion of 
third class sides. The percentage of second class sides remains 
about the same or perhaps decreases a little. The cross-
breds seem to be about intermediate between the paternal 
breeds, although they fall below in one year and somewhat 
above in another of the 3 years concerned. There is a dis-
tinct superiority of the Yorkshire until the last 3 or 4 years 
when this has disappeared. 
CHANGES IN SCORES FOR VARIOUS CHARACTERISTICS 
Since the beginning of these experiments a system of scor-
ing has been used for various traits which could not readily 
be measured. The scores run from 0 to 15, the latter figure 
being for perfect development of the characteristic. Scores 
were given to the nearest half point. The averages were pub-
lished in each annual report to the nearest tenth of a point. 
Naturally this, like any other system of scoring, cannot be 
entirely free from subjective error. Constant efforts are 
made to keep personal opinion from having any influence, 
and much of the scoring is done by two or three men rather 
than by one alone. The man in general charge of all swine 
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testing work nearly always takes the lead in this scoring. 
Other men who help usually include the managers of the 
local plant or of nearby bacon factories when they happen 
to be present. Figures 16 and 17 show the changes which 
have taken place in average scores. The precautions taken 
to standardize this scoring are probably adequate to make 
contemporary breed or lot averages fairly comparable, but 
it is not so certain that the standards could be kept so un-
changing over a long period of years that these averages 
would be dependable evidence about time trends. The su-
periority of the Yorkshire over the Landrace in most traits, 
especially in the early years, is evident. The Landrace has 
improved so much in recent years that this difference has 
been practically eliminated or reversed in all but the scores 
for firmness of flesh. The crossbreds, in general, h.ave been 
intermediate, but there has been considerable scattering of 
their averages. 
"Bacon type" (fig. 16) is a general expression for the 
closeness with which the conformation and characteristics 
of the whole side conform to the bacon ideal. This was not 
recorded until the thirteenth report and then only for Bre-
gentved. The following year this item was also scored at 
Elsesminde and since 1925 has been observed at all stations. 
The scores for bacon type and for fullness of lean meat 
have been emphasized more than any other scores in the 
annual reports. Next to these in the annual reports and 
ahead of them in the reports for progeny testing have been 
emphasized the score for firmness of flesh and for evenness 
of the covering of fat. N ext to this have come the scores 
for belly, for ham, and for fineness. The scores for firm-
ness of flesh (fig. 16) are receiving increasing attention as 
success of the breeders in making the back fat thinner ann 
the carcass longer has led to more trouble with the meat 
being too soft unless special care is taken to seleCt breeding 
stock for firmness. 
The average scores for evenness of fat along the back 
(fig. 16) for the first four and the last five reports concern 
only the lmifonni ty of the thickness of fat along the back, 
but for the intervening reports some attention is given to 
thickness itself. The score of the shoulder includes some-
thing about the general conformation of the whole front part 
of the carcass. 
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Fig. 18. Prominent foundation boars and sows of the Danish Landt'ace bL'eed. 
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VISIBLE CHANGES IN THE CONFORMATION OF THE SWINE 
Figure 18 shows four of the six boars and four of the si.x 
sows pictured in Volume 1 of the herdbook for Landrace 
swine. That volume was prepared after most of these ani-
mals were dead. Their average birth date was in 1897. Per-
haps some of them were dead before anyone seriously sus-
pected they would contribute enough to the foundation of 
the breed that photographs of them would be wanted to 
illustrate the herdbook. These animals were selected for 
entry into the herdbook because their descendants were wide-
ly used in founding the Landrace breed and not primarily 
because of their own conformation or appearance. In using 
them to show the change in appearance of the breed it is 
perhaps fairer to compare them with the average of all mod-
ern Landrace swine raised than to compare them with mod-
ern animals selected for show purposes. 
Figure 19 shows some Landrace boars farrowed in 1933 
and 1934. The upper one and lower ones were purchased at 
8 and 5 months of age. Doubtless they were considered of 
better conformation than the average of the breed at that 
time. The middle one was regarded at weaning time as the 
best individual among six sons of the upper one. The pic-
tures, however, were taken long afterward. Hence these 
animals selected partly for their appearance had time to 
retrogress before these pictures were taken. Therefore it 
seems fair to regard these pictures as somewhat above the 
breed average in appearance but not quite equal to pictures 
of first prize winners taken on show day at one of the larger 
Danish district fairs. This is also true of the pictures in 
figs. 20 and 21. Figure 20 shows one Landrace sow at two 
ages and a single view of another sow. Figure 21 shows a 
third sow at two ages and a single view of a fourth. 
The methods of their selection make it probable that the 
pictures in fig. 19 to 21 are a little farther above the average 
of the modern breed in general appearance than the pictures 
in fig. 18 were above the average of the foundation animals. 
Yet after making what seems reasonable allowance the pic-
tures show that there have been distinct changes in the ap-
pearance of the breed. The modern pigs are longer, less 
coarse, trimmer in their middles, have more nearly square 
hams, and lighter and neater heads, necks and shoulders 
than the foundation animals. By American standards the 
modern Landrace would be called small-boned and weak in 
their legs, although that is not considered important in Den-
mark where most of the pigs are kept inside and their feed 
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Fig. 19. Modern types of Danish Landrace boars. Upper: a la-month old boar. 
Middle: a l7-month old son of the upper boar. Lower: a third boar 2% years old. 
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Fig. 20. Modern Landrace sows. Upper: sow 22 months old shortly befor .. wean-
ing her second litter. Middle: same sow at 32 months while her fourth litter was 
Quite young. Lower: another sow at 32 months. 
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is brought to them. Also many of them are low in the back 
or even swaybacked according to current American stand-
ards. No attention is paid to swirls in Denmark, and about 
8 to 12 percent of the Landrace pigs at the large district fairs 
have one or two swirls. (So far as is known, swirls have no 
undesirable effect on the dressed meat or on the health of 
the pig. Hence the widespread American and British selec-
tion against them seems to be based only on aesthetic rea-
sons.) Some Landrace have very sparse hair and others have 
abundant hair, but this is regarded as of no consequence, 
since the climate is equable and nearly all pigs are kept in 
carefully constructed and ventilated barns. 
Perhaps some of the changes in external appearance dur-
ing the 40 years the breed has had a somewhat organized 
existence would have occurred anyhow if the only selection 
practiced had been that based on the testing station data 
concerning rapid and economical gains and desirable carcass 
qualities. But during all this time selection on the basis of 
external appearance was also being encouraged and made 
effective, largely through the extensive use of local and dis-
trict shows. There seems no way now of discovering how 
much of the change in outward appearance came about 
directly as a result of selection for outward appearance and 
how much of it came from selections based primarily on 
the data from the testing stations. To some extent-per-
haps to a large extent-the two bases of selection would lead 
in the same direction. 
Some of the men who have been in contact with the swine 
breeding for many years hold the opinion that selection was 
mainly on external appearance with some attention to rate 
and economy of gain (and of course to fertility) until the 
early or middle twenties and that until then the other test-
ing station data were a basis for selection only indirectly as 
a means of guiding their standards for the kind of external 
appearance which should be sought. There seems to be no 
objective way of testing the correctness of that view. Some-
what against it speak the facts that the testing station 
system was made so comprehensive from the very begin-
ning and that even the early reports emphasize the progeny 
performance of those sows and dams which were most ex-
tensively tested. Even the early reports contain scores and 
measures for many different carcass qualities. Surely many 
people thought those things i~portant or they wouldn't have 
been observed, tabulated and published. Yet it remains pos-
sible that the breeders who did the actual selecting paid little 
attention to those figures. 
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Fig. 21. Modern Landrace sows. Upper: a two year o ld about a month after 
having weaned her second li tter. Middle: the same sow at 33 months old. Lower: 
another sow at 18 months old, shortly before farrowing. 4 
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Not all of the selections for external appearance seem to 
have been directed toward economic goals. Thus the selec-
tion for large and drooping ears seems difficult to explain on 
any other logical grounds than that these may have been 
valued as one of the few sharp distinctions between the Land-
race and the (more or less) competing Yorkshire. They 
therefore would have had economic value only in the sense 
that a "trade mark" on a manufactured article does. 
SUMMARY OF CHANGES IN AVERAGE CHARACTERISTICS OF 
THE SWINE POPULATION 
Some characteristics have changed markedly, and some 
have changed little if at all in the quarter of a century dur-
ing which this testing has been in operation. In some cases 
there has been little or no breed difference. In other cases 
there has been a distinct breed difference which has per-
sisted with little or no change throughout the entire period. 
In still other cases there have been distinct breed differences 
in the early years which have disappeared or have been re-
versed in the late years as the one breed changed more rapid-
ly than the other. On the whole the crossbreds have been 
intermediate to the parent races with an occasional trait 
where they averaged nearer to the higher parent or even 
above the higher parent. 
Mere description and measurement of these changes give 
little insight into their causes. Changes in the breed aver-
ages may have been the result of changes in the methods of 
management, feeding, average sanitation, etc., which may 
all be roughly classified as environmental changes. On the 
other hand changes may have been brought about in the 
average genetic composition of the population of swine from 
which the test pigs came, so that certain genes that were 
once relatively rare are now abundant and vice versa. There 
is also the possibility of some interaction between these 
changes of such a nature that the genetic changes have made 
more abundant certain genotypes which respond more read-
ily (or less readily) to certain changes in environment. 
To throw light on this question and to measure the magni-
tude of the variables involved, it is necessary to make some 
kind of a study of the resemblances and differences between 
individuals related by descent in various ways. The most 
important facts of this kind which one would like to know 
are: The correlations between litter mates, the correlations 
between paternal and maternal half brothers and sisters, the 
correlation between parent and offspring and sorpe informa-
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tion on the system of mating used; that is, the closeness of 
the correlation between sire and dam and whether that was 
brought about primarily through mating like pedigrees (that 
is through inbreeding) or primarily through mating indi-
viduals thought to be alike in their somatic expression of 
the particular characteristic being studied. The following 
sections give the answers to those questions, so far as ans-
wers were found in this study. 
RESEMBLANCES AND DIFFERENCES BETWEEN 
LITTER MATES 
The reasons for studying the degree to which litter mates 
resemble each other are two-fold. First, such studies may 
tell something about the extent to which individual differ-
ences are hereditary and how much they are determined by 
each environmental influence which can be measured directly 
or isolated by indirect methods. Second, such studies will 
go far toward answering the pragmatic question of how 
dependable are results based on one, two, three, four, or n 
pigs as an estimate of what would be true of the entire litter, 
or (which is a different thing) as a basis for estimating the 
real breeding value of one or both parents. 
Five characteristics which could be measured objectively 
were studied. They were: Length of body, thickness of back 
fat, thickness of belly, daily gain, and yield of export bacon. 
Data concerning economy of gain were not available for in-
dividual pigs, since the four litter mates were fed together 
and there is no way of determining how much feed each pig 
ate. However economy of gain was included in the studies 
which dealt with litter averages. 
Individual data on the other five characteristics were 
studied in the following way. From the twenty-second an-
nual report all litters were selected in which two gilts and two 
barrows all finished the test. There were 287 such litters, 
distributed among stations as follows: 
Bregentved -53 litters 
Elsesminde -30 " 
Haraldskjaer -94 " 
H0ng -38" 
Over L0jstrup-72 " 
Table 2 shows the individual data concerning thickness of 
back fat from the H0ng Station. Tables 2 and 3 illustrate 
the method of analyzing the data. When the data from all 
five stations were put together, differences between station 
averages could also be studied. 
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TABLE 2. INDIVIDUAL DATA CONCERNING THICKNESS OF BACK FAT AT 
HS'}NG. 
Individual 
data I Distribution of pairs I of like-sexed litter 
mates 
Thickness 
(em) I Frequency I I I - - ------ pT,:;~al(:::,r) Frequency Males Females 
2.7 I •..... 
2.8 I 1 2.9 .... 
3.0 I 1 
3.1 
I 
1 
3.2 3 
3.3 2 
3.4 7 
3.5 10 
3.6 15 
3.7 9 
3.8 3 
3.9 8 
4.0 8 
4 .1 I 5 4.2 1 
4.3 
I 
1 
4.4 1 
4.5 .... 
4.6 .... 
I 
Number 76 
Total thickness 279 .2 
Mean thickness 3.67 
I 
1 
2 
4 
7 
10 
9 
13 
10 
7 
4 
4 
2 
1 
1 
.. ---
1 
76 
267 .0 
3.51 
5.7 I 
6.3 
I 6.4 6.5 
6.6 I 
6.7 I 6.8 
6.9 I 
7.0 I 7.1 7.2 
7.3 I 
7.4 I 7.5 
7.6 I 
7.7 I 
7.8 I 7.9 
8.0 
I 
8.1 
8.2 
8.3 
8.6 
I 
1 
1 
2 
3 
4 
5 
4 
3 
7 
7 
6 
7 
4 
6 
2 
3 
4 
2 
1 
1 
1 
1 
1 
76 
546.2 
I 
I 
Dist ribution 
of 
litters 
Total for I litter (em) Frequency 
12.3 
I 
1 
13.0 1 
13.5 4 
13.6 1 
13.7 2 
13.8 1 
13.9 4 
14.0 1 
14.1 1 
14.2 1 
14.3 3 
14.4 2 
14.5 1 
14.6 1 
14.7 1 
14.8 3 
14.9 1 
15.0 1 
15.2 1 
15.3 3 
15.4 2 
16.0 1 
16.5 1 
38 
Sum of 
squares 1978.08 
I Sum of squ~es = 1973.04 Isum of squ;res = 1969.265 
Table 4 shows for all five characteristics a summary of 
what was found from the kind of analysis illustrated in table 
3. In this analysis, it seems impossible to eliminate sampling 
errors, which may be considerable in a sample of data no 
larger than these. The negative results obtained for sex 
and litter interaction and for sex and station interaction in 
the case of two characteristics were not statistically signifi-
cant and are interpreted as sampling errors. Many of the 
positive figures of small size are not statistically significant 
and may have been only sampling errors, although they are 
presented here at their face value. Dismissing the insignifi-
cant negative results as non-existent increases slightly the 
apparent importance of other sources of variance in the same 
characteristic, but this cannot have been a large effect, and 
no other way was found to treat it. The test of significance 
was the Z-test given by Fisher for differences between mean 
squares such as are shown in the upper part of table 3. 
As seen in table 4, sex has an important influence on thick-
ness of belly and is fairly important for thickness of back fat. 
159 
TABLE 3. ANALYSIS OF VARIANCE OF DATA IN TABLE 2. 
DATA EXPRESSED IN MILLIMETERS.) 
Sum of 
Variance due to D/f squared 
deviations 
All causes 151 lS3S.34 
Sex in general 1 97.92 
Remainder lS0 1437.42 
CauRe~ common to litter mates 37 6S3.84 
Remainder 113 783.S8 
Sex interaction with Jitter differences 37 279.58 
Between litter mates of the same sex 76 S04.00 
Within litters. including sex 114 881.S0 
(ORIGINAL 
Mean 
square 
10.17 
97.92 
9.58 
17.67 
6.93 
7.56 
6.63 
7.73 
The6retical variance in an infinite population of pairs. the two members of each 
pair being of opposite sex and from different litters, extending the analysis indicated by 
R. A. Fisher in his discuss.ion of U A" and HB" in section 40 of "Statistical Methods 
for Research Workers." 
Portions of variance 
Cause or kind of variance 
Individual yariance 
Sex and litter interaction 
General sex difference 
Causes affecting all litter mates alike 
Correlation between litter mateo: 
(a) not allowing for sex = 10.17 - 7.73 
----- = .24 
10.17 
(b) in data corrected for 
the general sex difference = 9.S8 - 6.93 
9.58 
In actual 
units 
.28 
6.63 
.46 
1.20 
2.64 
I As a perc en tage of the total 
60.7 
4.2 
10.9 
24.2 
TABLE 4. PERCENTAGES OF THEORETICAL VARIANCE FROM EACH SOURCE. 
(COMBINED DATA FROM ALL FlVE STATIONS.) 
Sources of variance 
Individual variance 
General sex difference 
Sex and litter interaction 
I 
Body 
length 
62.2 
4.5t I negRtive* 
Sex and station interaction negative* 
Differences between stations I 2.2t 
rrhings common to litter I mates within stations 31.2+ 
I Thickness I Thickness II of of I hack fat belly 
I 56.0 4S.7 I 19.2t 28 .1t 
I I 
1.7' 3.3t 
1.2+ .st 
.st 8.6+ 
I 21.4+ 13.8t 
Daily 
gain 
62.2 
.2" 
1.4* 
.5t 
11.6+ 
24.1t 
I Percen-tage of ex-port bacon 
82.6 
.9t 
negative· 
negative· 
LOt 
1S.5t 
*Not significant. Probability of a chance difference this large or larger is greater 
than .05 
tOf doubtful s ignificance. P is between .01 and .OS 
tStatisticalIy significant. P is less than .01 
Sex has a statistically significant influence on body length 
and on yield of export bacon, but this IS small compared with 
other causes of variance. There was no significant sex dif-
ference in daily gain. Probably there was no genuine inter-
action between either sex and litter or sex and station dif-
ferences, although the latter appeared to be statistically sig-
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nificant in the case of thickness of back fat, and both of them 
are possibly significant in some other characteristics. 
There was an important difference between the stations 
in daily gain and in thickness of belly. The other three 
characteristics showed station differences which may per-
haps be significant in the statistical sense but are certainly 
too small to be important. Such a significant difference be-
tween station averages may arise from differences in man-
agement or differences in the general characteristics of the 
swine population in different parts of Denmark. Each breed-
ing center normally sends its test pigs always to the same 
testing station, with a few exceptions in cases when there 
are no empty pens left at some testing stations and there 
is space available at others. Hence regional differences in 
the kind of breeding stock might cause differences in the 
averages at the various testing stations. For example, the 
average thicknesses of belly for the swine from the two sta-
tions on Zealand were 3.15 and 3.17 cm. while the same char-
acteristic for the two Jutland stations averaged 3.29 and 
3.27 cm. It is possible either that conditions of feeding and 
management at the two Zealand stations were so different 
from those at the two Jutland stations that they caused this 
difference or that the genetic characteristics of the general 
population of swine in the Jutland breeding centers were 
different from the swine in the breeding centers which send 
their pigs to the Zealand stations. The data do not decide 
between these two hypotheses. 
The figures in table 4 picture the relative importance of 
various groups of causes which produce the individual vari-
ations in these five characteristics. For all five characteris-
. tics, things which apply only to the individual pigs are the 
most important single group of causes. This group of causes 
would include about half of the hereditary causes of differ-
ence, plus the environment which varied from pig to pig, 
plus the effect of whatever random error there may have 
been in measuring or recording these things. 
The sex difference and the station difference are impor-
tant for only two of the five characteristics, although they 
have some slight effect on body length also. 
The things common to litter mates within stations would 
include about half of the hereditary differences. Also the 
effects of that environment which is common to all litter 
mates would be here. If one were to assume that the differ-
ences in the environment from litter to litter at the same 
station were not important enough to affect these measured 
characteristics of the pigs, and if one could also assume 
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that there was neither extreme assortative mating nor an 
excess of extreme inbreeding over extreme outbreeding in 
producing these pigs, then one could obtain a crude maximum 
estimate of the extent to which each characteristic is here-
ditary (in the narrowest sense of that word") by doubling 
the bottom row of figures given in table 4. Since such as-
sumptions are undoubtedly too extreme, all that is thus 
accomplished is to find upper limits for the answer to the 
question of how hereditary the variations in each of these 
traits really were in this population. Such maximum esti-
mates vary from 62 percent in the case of body Tength to 28 
percent in belly thickness. 
In any interpretation which might be made of these 
figures, it should be kept in mind that they are percentages 
of the variance found in data not corrected for sex and not 
corrected for station differences. Such corrections if made 
would remove from table 4 variance ascribable to sex and 
station. The variance common to litter mates would then 
be recomputed as a percentage of the variance remaining in 
the sex-and-station-corrected data. For example, in the case 
of belly thickness in such corrected data, a maximum esti-
mate of the importance of heredity would be to double the 
percentage which 13.8 is of 13.8 + 45.7. This gives a maxi-
mum estimate of 46 percent of the variance in belly thick-
ness in sex-and-station-corrected data as possibly due to he-
reditary differences between the pigs. This is to be con-
trasted with 28 percent of the variance in the uncorrected 
data. 
The figures in table 4 concern variance in the records of 
individual pigs. In most practical uses made of swine pro-
geny-testing data, litter averages are used. If those were all 
four-pig litters evenly balanced for sex, the sex variance 
would disappear and the variance coming from sources pecu-
"This includes all those gene effects which can he expressed by any scheme of 
assuming that each gene, when substituted for its allele in combinations. adds to or 
subtracts from the characteristic it affects a constant amount, regardless of what 
other genes are a lready present in that combination. For more precise definition 
and discussion of this definition, see Fisher's "The genetical theory of natural 
selection" (1930), pages 30-34 , where it is discussed under the term, "genetic variance" , 
or Wright's (1935) definition (Journal of Genetics 30 :245) of variance due to "addi-
tive gene effects". This narrow definition excludes some variance ordinarily called 
"hereditary" in the broader sense suoh as deviations from this scheme which result 
from dominance, and from complex non-additive interactions (epistasy) between 
each gene and others, and from the fact that certain genotype3 may be more liable 
than others to environmental variations. In this bulletin the computations of the 
portion of the variance which comes from addi tive gene effects were made as if the 
'non-additive gene interactions contributed nothing to the correlations between rela-
tives. Since Wright has shown (1935) that the correlation between relatives on 
account of these non-additive interactions cannot be less than the. square of the 
correlations on an additive scale, the figures given hi this bulletin for the additive 
portion of the variance due to heredity include an uncertain portion of the variance 
from non-additive effects of gene combinations a long with the whole of the pureiy 
additive combination effects. 
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liar to each individual pig would be divided by four. Table 
4 would thus be changed to the following if it concerned vari-
ance in litter a'verages instead of variance in individual pigs. 
Source Body I Thickness I Thickness Daily I Percentage 
of of of of export 
variance length back fat belly gain bacon 
Things peculiar to 
individual pig~ 31.8 39.0 33.7 30.4 55.5 
Station differences 4.5 1.4 25.4 22.6 2.7 
Things peculiar to 
each litter 63.7 59.6 40.8 47.0 41.8 
In the data actually reported the litters are not always per-
fectly balanced for sex. Hence there remains some variance 
from sex differences, which may be considerable in the two 
thicknesses and noticeable in body length. Also in actual 
practice there are litters where one pig dies or is discarded 
for unthriftiness and the litter average is based on only the 
three pigs which finish. The variance among the averages 
of such litters would certainly include some sex differences 
and the variance due to things peculiar to individual pigs 
would be one-third instead of one-quarter as large as that 
variance among individual pigs. 
Table 5 shows the actual correlations between litter mates 
and the correlations to be expected (so far as this sample is 
truly representative) if all data were corrected for the sex 
difference and for the station differences. Whether it is 
legitimate thus to correct for the station differences depends 
upon whether the reasons for the station differences are 
genetic or environmental-a point upon which these data 
TABLE 5. CORRELATIONS BETWEEN LITTER MATES FOR FIVE DIFFERENT 
CHARACTERISTICS. 
Condition of the Body I Thickness I Thickness I Daily I Percentage 
of of of eXpOrt correlation length back fat belly gain bacon 
Actual intra-litter correla- I I tion without corrections I 
for sex or station dif- I I ferences .33 .20 .19 I .34 .16 Expected correlation in an 
infinite population car- I I rected for sex and with- I out station differences I .33 .27 .19 I .24 .16 
The standard errors of these correlations are a little less than .05 according to 
Fisher's formula wherein the variance of the corresponding z is approximately k 
2(k-l) (n-2) 
They are all therefore significant, although little confidence can be placed in the 
second digit. 
are non-committal-and upon the use which is to be made 
of the corrected data. 
The size of the correlation between litter mates provides 
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Fig. 22 . Path coefficient diagram show ing how the average performance of 
un selected test pigs is co rrelated w ith the average performance of a ll pigs i n the litter. 
an answer to the practical question of what is gained by 
testing four litter mates instead of three or two or some 
other number. In the Danish, Swedish and Dutch testing 
stations four are started on test and if more than one dies 
or is discarded, the whole litter is removed from the test, as 
it is generally believed that the results from testing one or 
two pigs are not reliable enough for use as indicators of 
what other pigs from that mating would do. In Germany, 
however, extensive use is made of a similar progeny-testing 
system in which only two pigs from each litter are tested 
and the lot is discarded if either pig fails to finish. Figure 
22 shows, after the manner of Wright's path coefficients, 
how the average performance of a test sample of n pigs 
chosen at random is correlated with the average performance 
of all (t) pigs in the litter. The correlation between the 
average of n and the average of t approaches ~ ~r+ (n 1) roo 
, 
<i 
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Fig. 23. Graphs showing how the size of the test sample affects the reliability of 
the result as an indicator of the real performance ability of that litter. 
as t becomes indefinitely large. When t is indefinitely large, 
At may be considered the "true" average for that litter if 
all sampling error due to individual variations could be 
eliminated. The correlation between litter mates is the only 
observed biological fact which enters this formula. Figure 
23 shows for several values of roo how the correlation be-
tween the sample and an indefinitely large number of litter 
mates varies with n. The correlation rises with n, sharply 
at first but at an ever-decreasing rate. 
The formula and graphs describe the case when the test 
pigs are chosen at random. If the test pigs are selected with 
intent to get a representative sample, the correlations should 
be higher where n is small but would not rise at so rapid a 
rate with n. If the samples from some herds are intention-
ally selected to do better than is really typical of the litter 
but are not so selected in other herds, the correlations should 
be lower than those pictured but would rise more rapidly 
with increasing n (since the possibilities of such selection 
become limited sharply as n rises). The effects of selection 
in distorting the picture shown in fig. 23 are probably small, 
since the pigs must be selected before they average 44 pounds 
in weight, the sex requirements set some limits on selection, 
the breeder will often wish to save for breeding purposes 
some of those he thinks are the very best, and finally these 
traits (except perhaps for body length) can not be estimated 
very closely on the live pigs, even at the end of the feeding 
period. From the standpoint of accuracy, fig. 23 shows that 
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a larger sample is always to be desired but, since the testing 
costs for pigs after the first one in each litter must rise 
almost in proportion to their number, the maximum return 
of useful information per unit of expense must be passed 
while n is still fairly small. Besides depending on the size of 
r oo , the exact size of n which will be most practical may 
vary from country to country or from time to time according 
to costs and according to how ready the breeders are to 
make full use of the information. From the slope of the 
curves in fig. 23 and from practical considerations of litter 
size, etc., it seems unlikely that the optimum size of test 
litter would ever be less than two or more than five. 
If we ask how n affects the correlation between the aver-
age of n test pigs and the genotype or real breeding value 
of either or both parents, the correlation between litter 
mates ( roo ,) must be broken up into at least two main parts, 
that due to common parentage and that due to common en-
vironment, before an answer can be had. That is shown in 
fig. 24 where r oo = e 2 + 2a 2 b 2 g2 h 2 (l+ m). However, the 
correlation between sire's genotype and test sample of course 
does not contain any term for the effect of common environ-
ment on litter mates. In the definition of terms used in fig. 
24, the "sire's genotype" is the sum of the average effects of 
all genes the sire possesses. It is not likely that all genes 
actually do combine additively. The portion of the gene 
combination effects which can be expressed additively by a 
least squares scheme is represented by g2. The portion of 
the actual individual variance which is due to differences in 
the gene combination of various pigs is represented by h 2 • 
Therefore g'h' is the portion of the actual individual variance 
which is hereditary in the narrow sense, i. e. which can be 
expressed by an additive scheme for evaluating average ef-
fects of genes. Such of the non-additive gene combination 
effects as contribute anything to the correlation between 
litter mates (for example about one-fourth of the dominance 
deviations from an additive scheme) in fig. 24 are included 
under e' which is thus to be considered as including all the 
causes for litter mates resembling each other except the 
fact that they are from the same parents, each of which has 
a certain genotypic or breeding value. The path coefficient 
from genotype of parent to genotype of offspring is ab (8) 
and is never much larger or smaller than .5 unless the parents 
and offspring differ widely in their degree of inbreeding. 
This ab is only a mathematical expression for the extent to 
which the laws of Mendelian segregation and recombination 
permit the genotype of the parent to determine the genotype 
of the offspring. 
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THE PERFORMANCE OF ONE TEST LITTER OF HIS PROGENY 
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Fig. 24. Diagra m of biometric relations between perfor mance of a test litter a nd 
breeding value of sire a nd dam. 
Probably the simplest way to show how variations in n 
affect the usefulness of the litter average as an indicator 
of the breeding value of the parents is fig. 25 which shows, 
for two values of r oo and several values of e" how the cor-
relation between the litter average and the average genotype 
of the two parents increases with n. The formula for this 
I · . ) 2a2 b2 g 2 h2 (1+m)n 
corre atlOn IS 'J l+(n- l) I e2+2a2 b2 g 2 h2 (l+m)j' 
. The correlation between genotype of sire and genotype of 
dam, which may arise either from mating related individuals 
(i. e. from inbreeding) or from assortative mating based on 
the animals' own performance or appearance, or on that of 
their relatives, is represented by m, which need not be 
separately evaluated here if values are assigned to r oo and 
e'. 
Similar information about the general correlation between 
the litter average and the genotype of one parent can be 
had by multiplying each point in fig. 25 by the term ~ l~m 
·An exact evaluation of m is not available but the inbreeding 
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currently practiced is almost negligible, and it seems unlikely 
that m from assortative mating in this population could go 
as high as .2. 
The upper lines in fig. 25 are identical with the correspond-
ing lines in fig. 23, but the other lines in fig. 25 show that the 
benefits to be gained by testing more litter mates are espec-
ially small when any considerable part of the correlation be-
tween litter mates is due to the common environment under 
which they were kept. 
The correlations between the progeny tests of two relatives 
will be the product of two such terms as those pictured in 
fig. 25 times whatever correlation exists between the geno-
types of the two relatives concerned. Such correlations will 
therefore vary with n as the square of the correlation pic-
tured in fig. 25. That is, they will be much lower than those 
shown, especially at the start, and will show less curvature 
than the graphs in fig. 25. 
Since most practical applications will involve the correla-
tion between the progeny tests of two relatives rather than 
the correlation between one animal's real breeding value and 
its own progeny test, fig. 25 exaggerates the practical useful-
ness of the test litter average when n is very small somewhat 
more than it does when n is large. That is, there is relatively 
more to be gained in most practical applications by having n 
large than is apparent from fig. 25. 
The wide differences between the curves in fig. 25 empha-
size the importance of knowing something more definite 
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Fig. 25. Graphs showing how the performance of the test sample improves in 
accuracy as an indicator of the average genotype of the parents when the number 
of pigs in t he test sam ple increases from 1 to 8. 
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about e 2 /ro o. One possible approach to that is through a 
study of the resemblance between half-brother litters, al-
though this introduces other complications which prevent 
a definite answer. 
RESEMBLANCES BETWEEN PATERNAL HALF 
BROTHERS. AND SISTERS 
The resemblance between paternal half-sib litters was 
studied to get some light on how much of the variation was 
really hereditary and also to find how the reliability of the 
progeny test of a boar depended on the number of litters 
tested. 
The data consisted of the first litters by the sires of the 
boars which sired the 287 litters which were studied in the 
section on conelation between litter mates. Thus the litters 
studied in this section were paternal half-sibs to the sires of 
the litters studied in the preceding section. In a few cases, 
due to overlapping of generations, some of the 287 litters 
were included both in the preceding section and in this one. 
There were 64 sires which had five or more litters each, 9 
which had four litters each and 10 which had three litters 
each. The litters studied for each sire where possible were 
the first five in which exactly two gilts and two barrows fin-
ished the test. For sires which had less than five such lit-
ters, other litters in which four pigs finished the test but 
were not evenly distributed for sex were used as far as neces-
sary to get five litters for each sire. In a very few cases 
there were not enough of these and some litters containing 
only three pigs were included. Litters not evenly balanced 
for sex were corrected for the average sex difference in body 
length, thickness of back fat and belly thickness found in the 
preceding section. There were 386 litters studied, but be-
cause most of them were included in groups of five by the 
same sire, the total amount of evidence they furnish on the 
magnitude of the correlation between paternal half-sib lit-
ters is about the same as if there had been 122 pairs of lit-
ters, each by a different sjre. The sampling errors are there-
fore high. 
Figure 26 shows a path coefficient diagram of the basis 
for the correlation between paternal half-brother litters. Be-
sides the symbols used previously, c indicates the average 
correlation existing between the genotypes of the different 
mates of the same boar. Many of these would be half-sisters. 
Some would be even more closely related but many would be 
less so. No exact study of this was made, but from the swine 
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Fig. 26. Path coefficient diagram of the biometric relations involved in the 
correlations between paterna] balf-slb litters and between a sire's genotype and his 
progeny average. 
breeding customs concerned it is unlikely that the average 
value of c would be higher than ,2 or lower than.1. Besides 
this value of c arising from blood relationship between the 
sows, something additional from assortative mating might be 
included if the ideals of different breeders were highly diver-
gent. On account of the unified goals for swine breeding 
and marketing in Denmark, it seems unlikely that assortative 
mating can have made an important contribution to c. 
The environment pictured in fig. 26 is that which is com-
mon to the different paternal half-sib litters and doubtless 
would be less than that common to litter mates. Environ-
ment common to litters which are paternal half-sibs would 
arise from the fact that such litters would nearly all be pro-
duced at the same breeding centers, and any peculiarities of 
ration, management or sanitation prevailing at that center 
would tend to affect all of these litters alike. Also the dif-
ferent paternal half-sib litters would generally be produced 
within a comparatively short time, and many of them would 
actually be contemporary at the testing stations. Any tem-
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porary conditions of weather, sanitation, contagion or pe-
culiarities of ration would to a considerable extent apply alike 
to paternal half-sib litters. No way was found for measuring 
directly the importance of the effects of this common en-
vironment, although the figures in table 4 indicate that dif-
ferences between testing stations are not important unless it 
be in daily gain or in belly thickness. 
As will be seen from fig. 26 the portion of the individual 
variance due to ' additive gene effects (h'g' ) is equal to 
(rAA - e,2) (1+3r oo ) N 'b' '11 bIt tl f th 4a2 b2 (1+c+2m) • owa WI eamos exac yone- our 
so long as there are no sudden changes from outbreeding to 
intense inbreeding, or the reverse. Hence this portion of the 
individual variance is approximately ( rAA-;-~~~~!3roo) . The 
value of c will probably not be far from .15 to .20 (for ex-
ample if two of the five dams were full sisters, two others 
were half sisters to each other and to the first two and if the 
fifth were unrelated to the other four, c from blood relation-
ship would be .175) and m will almost certainly be less, ow-
ing to the general practice of avoiding close breeding as much 
as possible. If these values are approximately correct this 
fraction which multiplies rAA - e1 2 will range from a little 
over 1 to almost 2. 
Table 6 shows the correlations actually found between pa-
ternal half-sib litters. In the second column is the percent-
age of the individual variance which is 'genetic in the nar-
row sense of the word, assuming that c, m and common en-
vironment are all zero which is too extreme an assumption 
TABLE 6. CORRELATION BETWEEN PATERNAL HALF-SIB LITTERS. 
Characteristic 
Rate of gain ........................ _ ................ .......... 1 
F",conomy of gain ................................ ___ ._ .... 1 
Yield of export bacon .............. _ ............. . 
Thickness of back fat_ .......................... . 
~~~knies:g~~.~.~l.l:.:: : ... ::::::.::.::.::.:: .. ~:~:=:::::::: 
'Standard errors are about .08. 
"Still to he multiplied hy 1+3 roo 
Corre-
lation 
found· 
.24 
.29 
.27 
.44 
.40 
.39 
Portion of individual variance 
due to additive gene effects. h 'g2 
Ifc. m and e, 
each=zero 
. 41 
.29** 
.40 
.80 
.62 
.78 
If e 1 =zero but 
c+2m= .5 
.27 
.19" 
.27 
.53 
.41 
.52 
and gives maximum values for the importance of additive 
gene effects in these data. In the last column environment 
is still supposed to be zero, but c and m are assigned what is 
probably a higher combined value than they actually would 
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have. The actual value found for the correlation between lit-
ter mates in the preceding section was used. These last two 
columns in table 6 give what are probably maximum and min-
imum values, so far as c and m are concerned, but are almost 
certain to be too large in view of the assumption in them that 
environmental effects contribute nothing to paternal half-sib 
correlations. They should be multiplied by that fraction of 
the paternal half-sib litter correlation which is not · due to 
common environment in order to reach an unbiased estimate 
of the extent to which each characteristic is hereditary. Un-
fortunately no way was found to get a direct measure of the 
importance of common environment. In this connection it is 
well to call attention to the fact that common environment 
may well playa largerrole for some of these six characteris-
tics than for others. For instance, it is easier to conceive of 
such common environmental effects having an important in-
fluence on rate of gain or on thickness of back fat than to 
imagine such an effect on body length. 
These estimates of the extent to which these characteris-
tics are hereditary are based on a different set of data from 
similar estimates which were presented in table 4. Both are 
unsatisfactory in their lack of a direct measurement of the 
effect of common environment, and both are subject to con-
siderable sampling error, but they do not disagree very wide-
ly, and the fact that they rest on different sets of data makes 
the general picture which they show somewhat more plaus-
ible. 
As regards the practical question of what accuracy is 
gained by testing more and more litters from the same sire, 
it need only be pointed out that the correlation between the 
average of q litters already tested and the average of an in-
definitely large number of litters which might be tested un-
der the same general conditions, varies with q, in just the 
same way that the similar problem for number of pigs tested 
in each litter was pictured in the graph in fig. 23. 
This tells little about the reliability of the progeny average 
as an indicator of the sire's genotype since that correlation 
can not be observed directly. That part of the directly ob-
served correlation between paternal half-sib litters which is 
not due to common environment is avery little mor0(11:2~~+~2 
times as much) than the square of the correlation between 
sire and the litter average. That is not very enlightening, 
however, so long as there is no direct measure of the part 
played by common environment in the correlation between 
paternal half-sib litters. The correlation between a sire's 
172 
real breeding value and the average of the tests of q of his 
litters will rise with q less sharply, the more r AA is composed 
of the effects of common environment and the larger cis. 
This will correspond somewhat to the picture which is shown 
in fig. 25, but does not simplify quite as much as that does. 
CORRELATION BETWEEN MATERNAL HALF-SIB 
LITTERS 
Partly for its own interest and partly to verify the findings 
from the correlation between paternal half-sib litters, the 
correlation between maternal half-sib litters was computed 
for these same six characteristics. Since there is no index 
of dams of tested litters in the printed annual reports, it 
would be difficult to find the maternal half-sib litters from 
the printed reports alone. Recourse was had to the sow 
progeny files kept by Mr. M. P. 0sterlund Madsen. They 
were kindly placed at the author's disposal for this purpose. 
In these files a card is kept for the dam of each tested litter, 
and when a second litter from the same dam completes the 
test, the essential items from both litters are recorded on the 
back of the same card. Thus by glancing through these card 
files it was easy to find all cases of sows from which two or 
more litters had been tested since the card files were begun 
some 4 or 5 years ago. 
Three hundred such sows were found which had a total of 
337 independent pairs of half-sib litters. The extra 37 pairs 
come from cases where a sow had three or more litters 
tested. If all three were half-sib to each other, the first was 
paired with the second and the first was paired with the 
third for computing these correlations. If, however, the first 
two were full-sibs to each other, then the first was paired 
with the third and the second was paired with the third. In 
one case a sow had four tested litters, all of them half-sibs to 
each other. In this case the first was paired with the sec-
ond and the third with the fourth in computing these correl-
ations. For 17 of the pairs, the average daily gain made by 
the later litter of the pair was not yet recorded in the office 
files and time was not available to secure those figures from 
the original books at the testing station. Hence information 
on daily gain among pairs of maternal half-sib litters is 
based on only 320 pairs instead of 337 pairs. 
The findings are shown in table 7 which is comparable 
with table 6. The biometric relations underlying maternal 
half-sib correlations are as pictured in fig. 26, except that 
sire and dam should be interchanged in that figure so that 
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TABLE 7. CORRELATION BETWEEN MATERNAL HALF-SIB LITTERS. 
Characteristics 
Rate of gain............ . ................... _ ..... . 
Economy of gain. 
Yield of export bacon. ....... _ .... _ ............. . 
Thickness of back fat ........ _ .... _ .. _ ......... . 
Thickness of belly_ .... _ ............................ . 
Body length ................................... _ .......... . 
'Standard errors are about .05. 
··Still to be multiplied by 1+3roo ' 
O:>rre ... 
lation 
found' 
.23 
.12 
.21 
.34 
.28 
.41 
Portion of individual variancG 
due to additive gene effects, h 2g 2 
If c, m and e'l 
each = zero 
.46 
.12'· 
.32 
.55 
.44 
.81 
.31 
.08'· 
.21 
.36 
.30 
.54 
it would indicate several litters from the same dam but by 
different sires. Also general breeding practices are such 
that the different sires mated to the same sow are much less 
likely to be closely related to each other than are different 
sows mated to the same boar. That is, c in fig. 26 might rea-
sonably be expected to be of the magnitude of .15 to .20 for 
paternal half-sib litters but probably would be very little 
above zero for maternal half-sib litters. 
Comparison of tables 6 and 7 shows a good agreement, the 
biggest discrepancy being in the case of economy of gain, a 
difference which is almost twice its standard error. An 
arithmetic average of the six correlations shown in table 7 
shows them to be .07 lower than the six correlations in table 
6. One reason for this is the fact already discussed that c 
would naturally be smaller in table 7 than in table 6. Another 
difference between the two data is that more of the paternal 
half-sibs would have been tested contemporaneously with 
each other. Therefore any uncontrolled variation in the en-
vironment such as weather, epidemic sickness or temporary 
change in feeding would naturally have made somewhat 
larger environmental contributions to the correlations in 
table 6 than to those in table 7. Another difference between 
the causes underlying these correlations is that the nursing 
ability of the sow would have tended to make maternal half-
sib litters alike, whereas this would not have been operating 
to make paternal half-sib litters alike. Thus of these three 
apparent reasons for differences between tables 6 and 7 
(other than sampling errors which of course are rather large 
in samples of data no larger than this), two would operate 
to make the correlations in table 6 larger and one would op-
erate to make the correlations in table 7 larger. Whether the 
two (the larger c and the contemporaneous exposure to en-
vironmental fluctuations, especially during the testing per-
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iod) are larger than the opposing one (pre-natal environment 
and nursing ability of the dam) we can only guess, but this 
might be a cause of the slight decrease from table 6 to table 7. 
The last two columns in table 7 are computed in exactly 
the same way as the corresponding co!umns in table 6. The 
same qualifications apply to the middle column of table 7 as 
to the corresponding column of table 6. The last column of 
table 7 is a more extreme assumption in the minimum direc-
tion than is the corresponding column in table 6 because c has 
a smaller value. Neither table throws much light on how 
much of the variance in economy of gain is due to additive 
gene effects. 
No extreme degree of confidence in the figures in the last 
columns of tables 6 and 7 is justified so long as they involve 
the assumption that common environment contributes noth-
ing to the half-sib litter correlations. The figures in table 7 
include little if any effect of temporary environmental influ-
. ences at the testing stations, but neither set of figures is free 
from environmental conditions which might prevail at some 
of the breeding centers but not at others, and those figures 
in table 7 may contain something from pre-natal environment 
and from peculiarities in the nursing ability of each dam. It 
does not a pJ'iori seem likely that such environmental influ-
ences could have had a noticeable effect on body length, and 
it is questionable whether they could have influenced the oth-
er three characteristics which do not directly involve gain. 
They might logically be expected to have had some influence 
on gain. . 
The general conclusion from these two tables seems to 
be that body length is the most hereditary of these si.x traits 
with thickness of back fat a close second. Thickness of belly 
and rate of gain seem to come third and fourth, but some 
doubt is cast on this because of the distinct station-to-station 
difference shown in table 4 for these traits. Nothing very 
definite can be said about economy of gain in the absence of 
information about the correlation between individual litter 
mates for that characteristic. 
In computing the correlation between maternal half-sib 
litters it was noted that the variance of the population of ear-
lier litters was for all six characteristics about 30 percent 
greater than the variance of the population of later litters 
from the same sow. The probability of this large a differ-
ence resulting from chance alone in such a large body of data 
is about .04 for anyone of the six characteristics by itself. 
It seems impossible that this difference in all six of the char-
acteristics could have been a sampling accident. Diligent 
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search was made for a plausible explanation of this, either in 
the changing age of the dam or in whatever conditions gov-
ern the choice of sows which are to have a second litter 
tested, but no certain explanation was found. Two were sug-
gested. The first is that many sows among those which get 
tested a second time do so only because their first test Titters 
did poorly and yet the sow's owner feels sure (for reasons 
which do not appear in the official data) that the sow is good 
enough to keep and will do better if tested again. There 
might also be a few cases where a sow which did unusually 
well in her first test litter is therefore tested again in the 
hope of getting from her a phenomenal record which will 
have much advertising value (as is sometimes done in official 
testing of dairy cows in the United States). Either or both of 
these tendencies would lead to a lower-than-normal propor-
tion of intermediate litters among the first test litters, while 
the regression naturally to be expected on account of this se-
lection of extremes would make the group of second test lit-
ters more uniform. The second plausible suggestion was that 
there is a curvilinear effect of age of the dam, especially im-
portant between first litters and later ones, and that the pop-
ulation of first test litters consisted of a mixture of many 
which really were the first litters produced by those dams 
and many others which were second or later litters produced 
(although the first litters tested), while the population of 
later test litters studied here could not have contained any 
genuinely first litters. Either explanation would lead one to 
expect the second litters to show more desirable averages 
than the first ones, but that would also be expected merely 
from the time trend in most of the characteristics whether 
that trend be from improving environment or because of im-
proved breeding whereby it would happen more often than 
not that the later sire was genetically superior to the earlier 
one. The averages actually do show this improvement in all 
six characteristics, the actual figures being: An increase of 
.0088 pounds in daily gain, a decrease of 0.016 units of feed 
required per unit of gain, an increase of 0.16 percent in yield 
of export bacon, a decrease of 0.14 cm. in thickness of back 
fat, an increase of 0.048 cm. in thickness of belly, and an in-
crease of 0.31 cm. in body length. 
The population of litters used in computing the correlation 
between paternal half-sibs was also studied from this point 
of view. The dams of this group probably had an age dis-
tribution typical of dams in general. In four characteristics 
this group agreed more closely with the group of early lit-
ters, but in the other two it more nearly agreed with the 
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TABLE 8. STANDARD DEVIATIONS OF TEST LITTER AVERAGES IN 
THREE POPULATIONS. 
Characteristic 
Sows with two or more 
litters tested 
Earlier litter I Later litter 
tested of pair 
336 d/ f o 336 d/ f* 
Gain (pounds per day) ............ 1 .117 I .104 
Economy of gain (feed I 
per unit of gain)................. .210 .182 
Yield of export bacon 
(per cent) ...................................... 1 1.15 1.02 
Thickness of back fat 1 
Th\~t':,t~~e~~rS~liy· .. · .......... · .. ······ ··1 
(centimeters) ............................ . 
B1Zen\i~e\~rs) ............................. 2.01 
.274 .314 
.120 .139 
1.80 
Litters on whlch 
table 6 is based 
383 d/ f 
.117 
.210 
1.10 
.278 
.141 
1.86 
*Degrees of freedom. Seve n teen less than this were available for estimating the 
standard deviation of gain in the groups out of sows with two or more litters. 
group of later litters. The standard deviations of the litter 
averages are shown in table 8 for all three groups of data, 
both as evidence showing this larger variability of earlier 
litters, and to show in actual units of measurement what may 
be considered the normal amount of variation among litter 
averages from this kind of progeny performance testing of 
swine. 
CORRELATION BETWEEN FULL BROTHERS AND 
SISTERS WHICH WERE NOT LITTER MATES 
In the sow progeny cards 43 cases were found of sows 
which had two test litters sired by the same boar. In five 
of these, two lots of four pigs had been taken from the very 
same litter and fed out as separate test lots. That leaves 38 
cases of full-sib test litters which were not litter mates. Al-
though the sampling errors are necessarily high for such a 
small population, the correlations were studied to get some 
idea of the importance of temporary environmental circum-
stances which would affect litter mates alike but would not 
be expected to affect full brothers and sisters from later 
litters. If such circumstances are of no importance, then 
full-sibs born at different times would resemble each other in 
their performance just as much as litter mates do, and the 
expected correlation between the average results of two full-
sib test lots would be 1 !r3°;00 where roo is the correlation 
between litter mates. 
Table 9 shows the correlations computed from this popu-
lation of 38 pairs of full-sib litters and the correlations ex-
pected on the hypothesis that full-sibs from different litters 
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are just as apt to be like each other as full-sibs from the same 
litter. The correlations between litter mates used in com-
puting this expected correlation were the ones in the upper 
row of table 5. The observed correlations for the first 
three characteristics are very low, indicating that a consid-
erable amount of the correlation between litter mates found 
for two of those was due .to contemporary environmental in-
fluences. However the large sampling errors involved here 
and the fact that the expected correlations are based on lit-
ter mate correlations derived from a different group of data 
(although there is no reason to think that the group is any 
less representative) make it unnecessary to place high con-
fidence in the discrepancy between observation and expecta-
tion. Observed and expected correlations for the last three 
characteristics agree even more closely than might have been 
expected from the size of the sampling errors involved. 
TABLE 9. CORRELATIONS BETWEEN GROUPS OF FULL-SIBS WHICH WERE 
NOT LITTER MATES. 
Characteristic 
Rate of gain .. ...... ... . 
Economy of gain ... . 
Yield of export bacon ... __ .... . 
Thickness of back fat .... . 
Thickness of belly ..... 
Body length ..... . 
Observed 
correlation '" 
- .00 
- .02 
.09 
.44 
.53 
.63 
Expected 
correlation 
.67 
? 
.43 
.50 
.48 
.66 
'Standard errors are about .17 for the very low correlations, about .13 for correia. 
tions around .50. 
This short study of the full-sib litters therefore is an indi-
cation that variations in the two thicknesses and in body 
length are more highly hereditary than the other three char-
acteristics and makes it probable that temporary fluctuations 
in environment have considerable influence upon rate of gain, 
economy of gain, and yield of export bacon. The large samp-
ling errors, however, make it necessary to regard this inter-
pretation as very tentative. 
There is some question as to whether first and second lit-
ters are equally typical of the parents in those cases where 
two full-sib litters are tested. The breeder has considerable 
freedom to choose which sows shall have litters tested, and 
it is possible that a large percentage of those cases where 
full-sib litters are tested are cases where the breeder feels 
reasonably sure that the first litter was not truly typical and 
that the second should make a better record. If that were 
very generally the case and if the breeder was to any ex-
tent right in his opinion in such cases, then the correlation 
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between full-sib litters could not be as high as if those litters 
were truly random samples, equally typical of the general 
population of test litters. Some indication that something of 
this kind was happening comes from the fact that in four of 
the six characteristics the second litters had more desirable 
averages than the first litters. However the averages for 
rate of gain were identical, and for export bacon the average 
yield for the second litters was a little less than for the first 
litters. 
CORRELATION BETWEEN PROGENY TEST OF SIRE 
AND PROGENY TEST OF SON 
Since neither parent can have its own fattening ability or 
the quality of its own meat measured directly, there is no 
possibility of observing a direct parent-offspring correlation 
as can be done for example, in dairy cattle where the correla-
tion between production of daughter and dam can be stud-
ied. The only parent-offspring correlations possible in the 
present data are correlations between progeny test of off-
spring and progeny test of parent, or between actual per-
formance of offspring and progeny test of parent. The lat-
ter was not studied further, because in most such cases the 
progeny test of the parent included the offspring that would 
be correlated with the parent or, if the performance of the 
particular offspring being studied were excluded from the 
progeny test of the parent, still those other offspring which 
made up the parent's progeny test would usually have been 
born at the same breeding center and often would have been 
fed and tested contemporaneously with the offspring being 
used for this measurement. Whatever might have been 
gained by a study of that kind seems to have been achieved 
in a more readily interpretable manner by studying the cor-
relation between half-sib litters, both paternal and maternal. 
The correlation between progeny tests of parent and of 
offspring involves only small probability of influence by 
common environment where the parent and offspring used 
are sire and son, since it is not often that the son is used in 
the same herd where his sire was used. On the other hand, 
the correlation of the progeny tests of parent and of off-
spring are correlations of averages of the performance oi ' 
groups of individuals (half aunts and uncles compared with 
nieces and nephews) who are separated from each other 
genetically by three Mendelian segregations and recombina-
tions. The biometric basis for this correlation is shown in 
fig. 27. 
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DIAGRAM OF REL-ATION BE.TWEEN S IRE 'S PERFORMANCE., AND 
SON 'S PERFORMANCE IN PROG EN Y TEST OF SWINE 
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Fig. 27. Path coeff icien t diagram of the biometric relations involved .in t he cor-
re lation between t he p rogeny test of s ire a nd t he progeny test of son . 
The sire-son correlation was computed on part of the 287 
litters already used for computing the correlation between 
litter mates. Each of these litters was regarded as a progeny 
test of a son, From the pedigree of that son his sire was 
identified, and from the boar progeny records on file at Co-
penhagen a search was made for all test litters by that sire. 
Some of the litters used in computing the litter mate correla-
tion were by boars whose sires had less than five litters 
tested. When these were discarded, there remained 236 lit-
ters by 159 different boars which, in turn, were by 64 differ-
ent sires, each of which had at least five litters tested. Where 
more than five litters were available for the sire, the first 
five which finished with exactly two barrows and two gilts 
were used. If there were not five of those, then all of those 
were used and enough which consisted of three of one sex 
and one of the other were used to make up five test litters 
for each sire. The data therefore correspond to those pic-
tured in fig. 27 for the case: q = 1 and p = 5. On the as-
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sumption that there is no particular tendency for the sire's 
litters and the son's litters to have been tested under the 
same peculiar environment and that there is no particular 
tendency for sire and son to be mated to the same peculiar 
kind of sows (that is, that the term: " r Dam l' Dam a " equals 
zero), the formula for the observed correlation reduces to: 
g2h2 (1 + 3m+c) I 5 
2(1+3roo) ,\/---"-1--'+' 4-r.-.--
The second of these assumptions seems reasonable, but the 
first may not be absolutely true, since swine breeding in 
Denmark is somewhat localized so that the sire's and the 
son's offspring have some tendency to be tested at the same 
official testing station. To remove this regional effect 
(which may be either genetic or environmental), each cor-
relation was computed both as a gross correlation for the 
single population of 236 litters, and then that gross correla-
tion was separated, according to the station at which the 
son's litters were tested, into a correlation between station 
means and a correlation between progeny test of sire and of 
son within station. 
Table 10 shows the correlations observed and the values 
computed (from those and from the correlations already 
found between litter mates and between paternal half-sib 
litters) for the portion of individual variance which can be 
attributed to additive gene effects. The standard errors for 
the observed gross correlations and the "within-station" 
correlations are about .06'0. The most surprising' thing about 
table 10 is the presence of negative correlations for the first 
three characteristics. Since none of these exceeds its stand-
ard error by more than a small amount it could, of course, be 
dismissed as statistically insignificant and does not actually 
demand an explanation. Nevertheless if these things are 
hereditary, one would have expected at least a slight positive 
correlation between sire and son. That is, the observed cor-
relations are not significantly different from zero, but they 
are significantly different from the positive values to be ex-
pected if very much of the individual variations in these 
characteristics were due to additive gene effects. 
. There is the possibility concerning the intra-station corre-
lations, especially the one concerning rate of gain, that the 
differences between station averages are largely environ-
mental but that the breeders, supposing these to be largely 
hereditary, have gone to considerable trouble to secure sons 
---
10Computed as though each of the 236 pairs concerned a different si l'e and a d iffer-
ent son . Since t her e actually wer e only 64 dif feren t s ires and 159 differen t $on s , the 
sta ndard e r rors a re really a little la rger ·t han t h is, bu t n o way was found to a llow 
exactly for t h is b ias. 
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TABLE 10. CORRELATIONS BETWEEN PROGENY AVERAGES OF SIRE 
AND OF SON. 
Observed correlation Portion of individual variance due 
to additive gene e ffects 
Characteristic Gross Between Within 
234 station station 
1/ 
d/ f means 230 If m = 0 a nd c = 0 If 3m +c = .60 3 d/ f d/f 
II •• •• 
Rate of gain ..... .. 11 .06 .78 - .07 .15 - .19 .10 - .12 
Economy of II 
gain 
·············.11 - .09 -.2·{ -.08 -. lI t -. l Ot -.07t -.07t 
Yie ld of export II 
bacon _ .._·· ...•.. 11 .02 .65 -.00 .04 - .00 .02 -.00 
Thickness of II 
backfat 
···············11 .1 6 .31 .16 .38 .37 .23 .23 
Thickness of II 
belly 
-· .. · ..... · .... 11 .32 .91 .21 .72 .47 .45 .29 
Body leng th ........ 11 .13 .43 .12 .37 .35 .23 .22 
·Computed f rom t he observed gross correla tions, i . e. on t he assumption t hat dif fer-
ences between station averages are entirely genetic. 
**Computed f rom the correlation within stations, i. e. on the assunlption that dir-
ferences between station averages are en tirely due to env ironmental peculiarities at 
each st ation. 
tStill to be mul t ip lied by 1 + 3r.o• 
of high testing sires. Most of those high testing sires would 
naturally have been tested at stations where the environ-
mental circumstances were good and the desire to get sons of 
high testing sires would naturally be most acute in the dis-
trict where the average performance was low. Hence the 
sons of those high testing sires would tend more to go to 
the districts where the station averages were low than to 
have been scattered at random all over Denmark~ Such a 
condition might have led to a negative intra-station correla-
tion as computed here, but it seems to the writer that the 
circumstances and breeding practices involved could not have 
been powerful enough to have had much effect of that kind. 
The larger correlations for the last three characteristics 
indicate them to be more largely hereditary. The last two 
columns of table 10 present the case for what are probably 
the maximum values of m and c in these data. The two col-
umns just before them present the case on supposition that 
mating is practically at random. The truth doubtless lies be-
tween these two extreme assumptions. The probable errors 
of the figures in these last four columns are undoubtedly 
high, not only because they rest on observed correlations 
which have fairly high sampling errors but also because the 
three different correlations involved - that between pro-
geny tests of sire and son, that between litter mates and that 
between paternal half-sib litters - do not rest on exactly the 
same sample of data in each case, although there is much 
overlapping. 
182 
SUMMARY OF EVIDENCE ON HERITABILITY 
The first three columns of numbers in table 11 show val-
ues assembled from tables 6, 7 and 10 for the portion of the 
individual variance which can be ascribed to additive gene 
effects. The first column shows the maximum and the sec-
ond column the minimum values found in any of those tables. 
The third column shows the average of all values obtained, 
giving equal weight to each of the three tables and averag-
ing with equal weight the values obtained by using the maxi-
mum and minimum values of m and c shown in each table. 
These figures in the third column seem the best estimate 
possible at present. In these figures in the third column the 
bias, if any, comes from the assumption that common en-
vironment contributed nothing to these correlations. This is 
probably too extreme an assumption for tables 6 and 7 al-
though probably not far from the truth for table 10. This 
TABLE 11. SUMMARY OF E STIMATES OF THE PORTION OF THE INDIVIDUAL 
V ARIAN CE WHICH IS DUE '1'0 ADDITIVE GENE EFFECT S. 
( A ssembled from tab I.,. 6. 7 and 10) I Values of h'g ' 
Maximum Minimum Average 
Characteristic r I 
~:~O~y g~}n~;i ;;::::::::'::::::::j :~~ * =:~i . :5~ . 
Yield of ex port bacon ..................... :! .40 .00 .20 
Thickness of back f at................... .80 .23 .47 
Thickness of belly .......................... .72 .29 .46 
Body length ..................................... ......... .81 .22 .54 
' Still to be multiplied b y 1 + 3r 00' 
Double the litter 
mate correlation 
corrected for sex 
and station 
.48 
.32 
.54 
.38 
.66 
bias might reasonably be expected to be of some importance 
for rate of gain and for thickness of belly since those two 
characteristics showed distinct station-to-station differences. 
The last column in table 11 shows a similar estimate based 
on the correlation between litter mates, corrected for sex 
differences and station differences. This is the case where 
the effect of common environment seems most certain to 
open the door to considerable error. The figures in this last 
column also may have a slight bias in the direction of large-
ness because of dominance deviations from the additive 
scheme of gene action. Those could have been important 
enough among full-sibs that they might perhaps have con-
tributed arouhd .04 to .08 to the figures in the last column 
of table 11. Dominance deviations would scarcely have con-
tributed anything to the figures in the other columns, even 
though complete dominance were the rule-which is not at 
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all certain. It will be noted that all figures in the last column, 
except the one for thickness of belly, are higher than the 
corresponding averages based on the correlations of tables 
6, 7 and 10. The exceptioI).al case of thickness of belly may 
be explained from the fact that the figures in the last column 
were computed after correction for station differences and 
those were considerable in this characteristic. 
This leaves a general picture of about half the variance 
in body length and thickness of back fat being due to addi-
tive gene effects, while the figure for thickness of belly is 
probably a little less, and that for yield of export bacon and 
rate of gain is around one-fifth; variance in economy of gain 
is much less. Considerable doubt applies to that conclusion 
about economy of gain in view of the impossibility of com-
puting a litter mate correlation on this characteristic. 
In interpreting these figures it should be remembered that 
they describe a condition prevailing in this population at this 
time and that they apply to variance in the performance of 
individual pigs. The portion of the variance which is due 
to additive gene effects in this population may be more or 
less than it was in the population of swine at the breeding 
centers 10 years ago or than it will be in the population 10 
years from now. This portion will change if selection tends 
to exhaust it in changing the population averages or if more 
extreme inbreeding is practiced or if the population becomes 
submitted to a wider (or narrower) range of environments 
so that the environmental portion is greater (or less). In 
most practical applications the test litter averages are used 
instead of the figures for individual pigs. In litter averages 
the individual and uncontrolled variations which are not the 
same for litter mates will tend to cancel each other so that 
the proportion of the variance in litter averages which is due 
to additive gene effects will be larger than these figures. 
For the immediate future the evidence is that there is still 
abundant additive genetic variance to permit rapid changes 
in the population in the last three characteristics, if selection 
for those characteristics in a given direction is constantly 
practiced. There is also room for noticeable and economically 
important improvement in rate of gain and in yield of export 
bacon, although less of what is reached for in each selection 
will be attained in those two characteristics than in the case 
of body length and the two thicknesses. The possibility of 
further rapid improvement in economy of gain is less certain, 
although there still seems to be possibilities for some slow 
improvement in this if those animals selected for breeding 
stock are the ones whose closest relatives have made the 
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best showing in this respect. The percentage actually gained 
of what is sought in selecting for economy of gain will be 
smaller than for the other five characteristics and there will 
be a bigger proportion of disappointments but there should 
be some progress for a while at least. 
This method of analysis cannot be used to estimate the 
ultimate limits which various characteristics may reach. As 
the mean of the population changes, the portion of additive 
variance remaining subject to selection may also change, but 
the change in the proportion of variance is generally much 
slower than the change in the mean itself. Therefore these 
figures can be used for estimating how much success may 
be had in selection for the next few generations but become 
subject to increasing errors when the prediction is extended 
more than a few generations into the future, because one 
will not know how rapidly the genetic variance will change 
as the breed changes. For example, the standard deviation 
in average body length for test litters is about two centi-
meters. The portion of this which can be expressed as due 
to additive gene effects could be produced by n pairs of equal, 
non-dominant, cumulative genes each having a frequency 
of about .5 in the population, or by nearly tht'ee times as many 
of the same kind of genes, each having a frequency a little 
above .9. Progress (in centimeters) in changing the popu-
lation mean would be equally great for the next generation 
in either case but in the former case could continue for many 
generations without much slackening, while in the latter case 
the rate of progress would quickly fall off. More important 
is the possibility that certain epistatic effects of gene inter-
actions could be used to change the breed means distinctly 
if more use were made of moderate inbreeding within many 
strains alternating with rare outcrosses. 
NUMERICAL EVIDENCE AS TO THE SELECTION 
PRACTICED 
The preceding sections have described the changes which 
have occurred in the means and have analyzed the individual 
variance to show what portion was due to additive gene ef-
fects and might therefore respond to selection. No evidence 
was included as to how intensively the breeders actually did 
practice selection for any of these characteristics. Many 
things might determine a breeder's actual use of one boar or 
sow instead of others which he might have used. It is dif-
ficult to measure the intensity of the selection actually taking 
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place in any population. Nevertheless this is important in 
interpreting the reasons for past changes and in estimating 
future possibilities. 
Two small bits of actual evidence bearing on this question 
are presented here. They may indicate some useful leads 
for future study, although they are too scanty to furnish a 
complete answer themselves. 
The first evidence comes from comparing the means of 
the progeny of sires and the means of the progeny of sons 
in the data used for computing the correlation between sire's 
progeny and son's progeny. The group of sons may be con-
sidered as unselected for their progeny performance, since 
all boars which sired litters in which two gilts and two bar-
rows finished the test in the twenty-second report were in-
cluded, provided their sires had as many as five litters tested 
by the fall of 1934. Now if breeders actually were paying 
much attention to the results of these progeny tests in choos-
ing which young boars they would try next, then the sires 
of this group of sons should have been a selected group of 
sires and should first of all, have averaged more than their 
contemporaries who were tested at the same time but whose 
progeny tests were not so good that breeders thought it 
worth while to use their sons. In the second place if these 
sires were selected because they had an unusually good pro-
geny test in the desired direction, then (since the outcome 
of those progeny tests is not entirely determined by the 
genotype of the sire but depends also on the genotype of the 
dam and on many environmental and accidental circum-
stances) the sons should have shown some regression toward 
the mean of the race. This might have been offset if the 
sons chosen for trial were from dams distinctly superior to 
the average of the sires' mates and if the sons' mates were 
chosen by selection almost as intense as that practiced on the 
sons themselves. This is in accord with the principle from 
"diallel crossing" whereby if two sires are mated to the same 
group of females, the difference in the real breeding value 
(genotype in the additive sense) of those sires is twice as 
great as the difference in their progeny averages. However, 
the additive genetic portion of the variance in litter averages 
would need to be at least 1f2 if this off-setting of the expected 
regression were to be perfect. At first thought it seems 
unlikely that such selections could have been so successful as 
to overcome all the regression arising from the fact that only 
a portion of the variance in progeny tests can be attributed 
to additive gene effects. That is, one would expect the entire 
population of sons to average below their selected sires but 
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above the mean of the entire group from which those sires 
were originally selected. Table 12 presents the actual com-
parison of sire's means and son's means. The expectation 
is fulfilled in the case of daily gains and economy of gain 
although both differences are statistically quite insignificant. 
For the remaining four traits the son's means lie farther in 
the desired direction than the sire's means did. The statis-
tical significance of the two differences in thickness seems 
beyond dispute. This comparison conveys therefore the im-
pression either that selection of the dams of sons and mates 
of sons was intense enough and successful enough to more 
than offset the expected regression, or that the breed means 
were being changed by some other method than by retaining 
for breeding purposes the offspring of the most favorably 
proved sires. The fact that the sons exceed their sires most 
in two of the three most highly hereditary traits (table 11) 
and that one of the two characteristics in which they show 
the expected regression (economy of gain) seems to be least 
highly hereditary among the six studied, points toward the 
former interpretation. 
TABLE 12. WElGHTED MEANS OF PROGENIES OF SIRE AND PROGENIES 
OF SONS 
Characteristic I Sire's mean I Son's mean I D.ifference· 
Daily gain. lbs. ..... _ ............••......... -.... ... 1 1.442 1.434 + .008 ± .008 
Units of feed per unit of gain .... _ .. 3.322 3.326 - .004 ± .014 
Yield of export bacon, percent .... _ .... 60.17 60.28 -.11 ± .07 
Thickness of back fat, cm ....... _ .. _ ..... 3.744 3.619 +.125 ± .019 
Thickness of belly, cm ..... _ .. _ ..... _ .. _ .. 3.190 3.246 -.056 ± .010 
Body length, cm . ....................... .. 91.08 91.28 - .20 -+- .14 
*The figures after the plus or minus signs are standard errors computed as for a 
population of 236 pairs of sire and son. Since the 236 pairs were not entirely inde-
pendent, the standard errors printed are somewhat smaller than they really should be. 
The other evidence bearing on the intensity of selection is 
somewhat more direct. It is a comparison of these sire aver-
ages with the averages of their generation, including those 
contemporaries whose sons were not saved for breeding. A 
study of the ages of these sires shows them to have been 
contemporary with about two-thirds of the sires whose off-
spring constitute the twentieth annual report (1930-31) and 
about one-third of those whose offspring constitute the nine-
teenth annual report (1920-30). Therefore the sire averages 
are shown in table 13 for comparison with averages of all 
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TABLE 13. AVERAGE PROGENY TEST OF THOSE BOARS WHOSE SONS WERE 
LATER USED FOR SIRES, COMPARED WITH THE AVERAGE PROGENY TEST 
OF ALL THEIR CONTEMPORARIES. 
Characteristic 
Daily gain , lb •• _ ....... ............ _ ................................ 1 
Units of feed pel' unit of gain ..................... . 
Yield of export bacon, percent .................... / 
rl'hickness of back fat, cm.M ..__ ................. : ... .J 
Thickness of belly, cm .............. _ ...... _ ..... ....... . 
Body length, em. .. .................. __ .. _ ....... _ ... 
Sires whose Bons 
were used for 
breeding 
1.442 
3.32 
60.17 
3.74 
3.19 
91.08 
Average of all in 
19th and 20th 
reports 
1.416 
3.37 
59.77 
3.83 
3.17 
89.73 
the Landrace litters reported in the nineteenth and twentieth 
annual reports, giving twice as much weight to the latter. 
The difference is in the desired direction for all six char-
acteristics, although it is small for thickness of belly. This 
comparison indicates that there was especially strong selec-
tion for length of body. That agrees well with the testi-
mony of the men concerned with swine breeding. Table 13 
therefore indicates that those boars whose 'sons were subse-
quently to be tried out as sires had progeny tests which were 
above average in desirability. This does not by itself tell 
whether this selection was primarily on these figures, deliber-
ately choosing the sons of those boars whose progeny aver-
ages were highest (that is, a selection primarily directed 
toward and based on the published figures from the progeny 
testing) or whether the primary basis of selection was some-
thing else. For example, something in the external appear-
ance of the animal or in the performance of other relatives, 
or some other characteristic correlated with this one might 
have been the primary basis of selection. In that case the 
differences shown in the table would have been a secondary 
result of selection based primarily on something else. This 
possibility is regarded as unlikely, in general, especially on 
account of the earnest attention and study which various 
men concerned with swine breeding were observed to give 
to the progeny testing work and the eagerness with which 
those results were received. Yet it is likely in this as in any 
other case where selection is practiced simultaneously for 
many traits, that a part of the selection for or against each 
trait was indirect and due to its association with other traits. 
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OORRELATION BETWEEN SIX CHARACTERISTICS OF 
THE SAME LITTER 
It is perfectly possible and indeed almost inevitable that 
some of these characteristics are physiologically correlated 
with each other as the result of their being in part the result 
of the same body function and perhaps in part the result of 
manifold effects of the same genes. For example, it is a p1'iori 
likely that two things which depend so much on general fat-
ness as thickness of back fat and thickness of belly would be 
physiologically so closely related to each other that changes 
in one would tend to be accompanied by changes in the other. 
It is also likely that a distinct change in body length or in 
thickness of fat would have had some tendency to affect 
yield of export bacon or perhaps economy of gain, especially 
since average weight at slaughter was kept almost constant. 
This question wa.s early the subject of investigation by 
Jespersen and 0sterlund Madsen". Table 14 shows the cor-
relations they found between thickness of back fat, thick-
ness of belly, body length and dressing percent. Since they 
did not compute the correlations involving yield of export 
bacon, those for dressing percent are quoted here as almost 
certain to show a similar picture. Their report also contains 
several correlatfons between these measurements and the 
scores for various-characteristics. 
The same authors using litter averages find a correlation 
of + .099 ± .024 between thickness of back fat and the quan-
TADLE 14. CORRELATIONS '" BETWEEN CHARACTERISTICS OF THE SAME 
INDIVIDUAL CARCASS. (AFTER JESPERSEN AND 0STERLUND MADSEN). " 
Cha racteris tic I Thickness of Thickness of Dressing back fat belly percent 
- .197 + .070 -.011 
- .14 5 +.053 - .019 
Body length '''' .. '' ..................... " ·1 
+.180 +,382 
+ .218 +,308 
Thickness of back fa t ................ 1 
I 
+.383 
+.336 
' The standard errors range from .014 to .017_ 
•• The upper figure in each square is the correlation fOl" 3577 barrows. rrhe lower 
figure is the simi lar correlation for 3382 sows. 
" J espersen, Johs. and M. P. 0 storlund Madsen, 1931. Beretning om Afkomsunder-
s~gelse ove l' Orner af Dansk Landrac:~ (Progeny investigation s con cerning Dani sh 
Landrace boars ) . (Especially pages XIV to XXII!.) 
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tity of feed required to produce a kilogram of gain. Laurid-
sen" studied the litter averages in the twenty-second report 
using regressions, but not computing the correlation, and 
found no relation between body length and economy of gain 
and also no hint that long swine gain more rapidly or more 
slowly than short swine. 
Two precautions should be observed in interpreting the 
correlations in table 14. The data come from a period (about 
1926 to the end of 1929) when there was a marked time trend 
in several of these averages. During this time the average 
body length was increasing rapidly, the thickness of back 
fat was decreasing and the thickness of belly was slowly 
increasing. These time trends of themselves would have 
brought about a distinct negative correlation between body 
length and thickness of back fat, a positive correlation be-
tween body length and thickness of belly and a negative 
correlation between thickness of belly and thickness of 
back fat. Since there was no certain trend in dressing 
percent, the correlation concerning it would not have been 
thus affected. It is therefore probably legitimate to infer 
that in a population without time trends in these characteris-
tics, the correlation between body length and thickness of 
back fat would not have been as strongly negative as it is 
here nor would the correlation between thickness of belly 
and body length have been as strongly positive while that 
between thickness of back fat and thickness of belly would 
probably have been even larger than the one shown here. 
Another qualification is that the material on which these 
correlations were computed consisted of swine which were 
killed at a nearly constant weight. A pig which is unusually 
long when it reaches that weight must generally have been 
smaller in some of its other dimensions. Thus there was 
automatically produced in the data some negative correla-
tion between the dimensions of constituent parts not closely 
relat~d to each other physiologically. No way to discount 
the effects of these two features of the data was found, but 
their bias should be remembered in any attempt to interpret 
from these correlations the physiological relations between 
growth of various parts of the pig. 
We have computed from the data used in the earlier part 
of this study the correlation between all six of the character-
istics studied here, using litter averages rather than the per-
formance of individual pigs. Altogether the data include 
" L a u r idsen , K. P . 1934 . Om Forholdet m ellem K roplaen gde og Triveli ghed sam t 
V ok seevne hos S lagterisvin . ( About the relation bet ween body length and economy 
of gain and rate of gain in bacon swine. ) N aesgaards Bogen, pp. 77-83 . 
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1,285 litters, there being ~36 litters in the twenty-second 
report used in computing the correlation between progeny 
test of son and sire, 392 involved in the progeny tests of 
those sires (mostly coming from the years 1929-1933), and 
657 litters used in computing the correlation between ma-
ternal half-sib litters. There were some duplications among 
these, since the same litters would sometimes have been in 
two of these groups and very rarely could have been in all 
three. These duplications should not have contributed any 
bias to the resulting correlation, but probably the standard 
errors should have been computed on a slightly smaller num-
ber of litters-perhaps on less than 1,200. The observed 
correlations are shown in table 15. 
Only five of them seem large enough to be worth special 
mention. The large negative correlation between daily gain 
and units of feed per unit of gain is quite to be expected for 
at least two reasons. The first is that this is a correlation 
between a fraction and its denominator and is therefore 
certain to be strongly negative unless numerator and de-
nominator are almost perfectly correlated. The second is 
that the more rapidly gaining pigs were on feed a shorter 
time and therefore would have used less feed for mainten-
ance. Perhaps there are still other reasons. This correla-
tion can be used to estimate how much information about 
economy of gain is lost when the feed consumption is un-
known but weight for age is known, as is often the case in 
selecting breeding stock in the United States. 
The strong negative correlation between body length and 
thickness of back fat may be either time trend or the effect 
already mentioned of slaughter at a constant weight where-
by the pig longer than average must usually be smaller than 
average in some other dimensions. Possibly there is also 
some other physiological relation involve$l. 
The strong positive correlation between thickness of belly 
and yield of export bacon is natural since the bellies are 
trimmed but slightly and nearly all the extra thickness here 
would contribute directly to an increase in percentage of 
export bacon. That is, these two measurements are to some 
extent different measurements of the same thing. Also 
variations in general fatness above or below the average 
would tend to increase or decrease yield of export bacon and 
thickness of belly somewhat together. The somewhat small 
but significant positive correlation between thickness of 
back fat and yield of export bacon is doubtless to be ex-
plained in the same way. 
The sman but significant correlation between daily gain 
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TABLE 15. CORRELATIONS BETWEEN VARIOUS CHARACTERISTICS OF THE 
SAME LITTER". 
I 
Unit. of 
Characteristic feed per 
unit of 
gain 
Daily gain .......................... _ ...... -.S9 
-.76 
-.68 
Yield of export bacon .. _ .... 
Thickness of back fat .............. 1 
Thickness of belly _··· ..... ··.......1 
I 
1 
Yield of 
export 
bacon 
l15 
.29 
.14 
+.01 
-.17 
+.04 
I 
I 
I 
I 
ThickneS!! I Thickness I 
of back of 
fat belly 
l07 
.05 
.07 
t·09 .06 
.09 
l18 
.27 
.14 
1 
I 
I 
I 
I 
I 
l08 
1 
.1S 
.09 
t·OS .03 
.08 
l33 
.31 
.31 
- .OS I + .05 - .04 
I 
Body 
length 
-.OS 
-.12 
-.01 
t·OS .08 
.10 
-.10 
-.21 
+.02 
-.39 
-.29 
-.38 
+.03 
- .09 
+.06 
"The upper correlations in each square are on the entire population of 1,285 
litters including some duplications and something from the time trends. The standard 
errors are a little less than .03. 
The middle correlations are from the population of 23S litters all from the twenty-
second report and contain no duplications and no effects of a time trend. Their 
standard errors are .06 for very small correlations and a little less for higher corre-
lations. 
The lower correlations are for the 392 litters used in computing the correlation 
between paternal half-sib litters. This group may contain considerable time trend 
but does not include duplications. The standard errors are about .04. 
and yield of export bacon may be due to the relation of them 
both to general fatness. 
These correlations differ somewhat from those found by 
Jespersen and 0sterlund Madsen, the main difference being 
in the higher correlation they found between thickness of 
back fat and thickness of belly. A priori their finding seems 
more logical than this one of practically no correlation. Also 
they find a smaller negative correlation between body length 
and thickness of back fat, and their correlation between 
dressing percent and thickness of back fat is larger than 
this one between yield of export bacon and thickness of 
back fat. The reason for these differences is not clear. 
Their correlations were on individuals, whereas these are 
on litter averages. Many of these data come from a later 
date than theirs. Perhaps by this time some herds had 
progressed in several respects much farther along the gen-
eral time trends than others, so that the herds with the 
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longest pigs also tended to be thinner than average in back 
fat and to have thicker-than-average bellies? 
The general conclusion from studying the correlations 
between these characteristics is that they are not absolutely 
independerit of each other but are so nearly so (with the 
exception of gain and feed per unit of gain) that for breed-
ing selections and changes only a little error is introduced 
by considering them as truly independent of each other. The 
only cases where there seems to be more than a small trace 
of antagonism between the desired goals involve thickness 
of back fat concerning which it appears (from table 14) 
that making the back fat thin would also tend to make the 
bellies thin and the dressing percent low and (from table 15) 
would tend to lower the yield of export bacon. The other 
correlations are either substantially zero or actually helpful, 
as those concerning back fat and length, or belly thickness 
and yield. 
GENERAL DISCUSSION 
It is obvious that many of the characteristics of the Danish 
Landrace have changed markedly since this system of test-
ing began. Very few of them have had entirely parallel 
changes. Most of them have changed markedly at certain 
times but have continued practically without change during 
other periods. In some cases what was once a distinct breed 
difference has now disappeared because one breed changed 
more than another. In other cases a distinct breed difference 
has persisted through the entire period. In still other cases 
there appears never to have been a genuine breed difference. 
The reasons for the chang'es which occurred are less clear. 
Collateral evidence not in the data themselves make it cer-
tain that the emphasis placed on this or that characteristic 
in selection has changed markedly from time to time. Prob-
ably the greatest change of this kind was from the emphasis 
on economy of gain during the early years to the emphasis 
on the quality of meat. This increased very much in import-
tance somewhere around 1924-1926 when the world's supply 
of pork had so far recovered from the war depletion that it 
was flooding the market and therefore quality of product, 
in enabling the producer to retain his market, became more 
important than economy of production. Another less promi-
nent illustration is the increasing emphasis being laid on 
firmness of flesh now that the back fat has become thinner 
and the pigs longer. 
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Many of the characteristics of this swine population re-
sponded to the changing emphasis on selection so quickly 
that there is a strong presumption that selection caused the 
observed changes through changing the average genotype 
of the population by making certain genes more abundant 
and others scarcer. But at the same time knowledge of 
nutrition has increased and feeding and management have 
improved at the breeding centers. Changes of this kind at 
the testing stations have been very slight, and there have 
been practically none in the ration since about 1923. Never-
theless there have been improvements in the ventilation and 
management of the stalls, and these may have contributed 
something to the changes. 
Preliminary studies (by Dr. Knud Rottensten) on the 
amount of inbreeding in the Danish Landrace indicates that 
this has been only about the same amount as in the average 
pure breeds in the United States (i. e. not very far from a 
loss of about one-half of one percent of the existing heter-
ozygosis per generation). Inbreeding by itself can hardly 
have been important in causing the whole population to drift 
far in anyone direction except perhaps as it may have tended 
slightly to group the population into families and thus may 
have given selection a more favorable opportunity to be ef-
fective than if there had been no inbreeding. 
The study of the variance in six measured characteristics 
leads to the conclusion that there was plenty of variance for 
selection to have produced all the changes in body length, 
thickness of back fat and thickness of belly. For example 
the standard deviation of litter averages for body length 
was about 2 centimeters. If only those young boars and 
sows whose sibs were above average in body length were 
tried out for breeding, the tests of that whole group would 
have averaged about 1.6 centimeter above the mean of all 
those tested at that time (assuming some approach to a 
normal distribution). If only half of the variance in litter 
averages is additively genetic (which seems an understate-
ment since individual performance shows nearly that much 
and the basis of the actual selection is the test litter aver-
age) then the mean body length should increase about .8 
centimenter per swine generation. (Actually the increase 
in the Landrace has been about 1.9 centimeters in the last 
8 years, which is something like .6 centimeter per swine 
generation, but this cannot be considered as confirming the 
above calculations since it is not known whether the selec-
tion actually practiced was more or less strict than that used 
in this example.) There probably was enough variance also 
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to have permitted selection to have produced the observed 
changes in gain, economy of gain and whatever slight 
changes there may have been in yield of export bacon. 
The part of this investigation least well answered is the 
question of what basis the breeders actually used in making 
their selections. Heavy emphasis in all Danish publications 
on the subject has been laid on the results of these progeny 
tests, and it seems that those boars whose sons actually get 
tried out as sires at the breeding centers have had progeny 
tests averaging higher than those of their contemporaries. 
Nevertheless classifications of swine on their external type 
not only at the shows but also at the semi-annual inspec-
tions of the breeding farm by the official committee have 
played a part-perhaps a large part. There is also under 
the Danish breeding systems inevitably heavy emphasis on 
the general reputation of the breeder and of his herd. The 
name of each breeding center appears in the registry name 
of all its sows and many of its boars. It seems certain that 
the general average reputation of a herd has been an im-
portant consideration in the selections actually practiced. 
Whatever may have been the exact means by which the 
changes in this swine population have been accomplished, 
those changes have served the Danish farmers well by im-
proving their swine, more especially at first in rate of gain 
and economy of gain but more in later years by changing 
the characteristics of the carcass to suit the demands of 
the market in which Danish bacon could best be sold. It 
is probably true that most of the progeny tests have been 
used more in evaluating pedigrees (i. e. in choosing which 
young boars and gilts would be used next) than in actually 
prolonging the use of well proven sires or dams. Because 
feeding ability and quality of meat could be determined only 
by progeny testing, the progeny test has been more nearly 
indispensable here than in most characteristics which live-
stock breeders desire. 
The expenses of this system of progeny testing were large-
ly met by the farmers themselves, acting through their co-
operative bacon factories. In countries which do not already 
have a large percentage of their swine being slaughtered in 
cooperative factories, the matter of financing such progeny 
testing might prove more difficult. 
(1). 
(2) . 
(3) . 
(4). 
(5). 
(6) . 
(7). 
(8) . 
(9). 
(10). 
(11). 
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The order of these r eports and their number in the general series 
are as follows: 
Order of report 
24tli 
23rd 
22nd 
21st 
20th 
19th 
18th 
17th 
16th 
15th 
14th 
13th 
12th 
11th 
10th 
9th 
8th 
7th 
6th 
5th 
4th 
3rd 
2nd 
1st 
Number in general series 
169 
164 
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150 
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127 
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114 
110 
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85 
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75 
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